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Le  destin  des  fourmis,  des  abeilles,  des  termites,  si  petit 
dans  l’espace,  mais  presque  sans  bornes  dans  le  temps, 
c'est  un  beau  raccourci,  c’est,  en  somme,  tout  le  nôtre 
que  nous  tenons  un  instant,  ramassé  par  les  siècles, 
dans  le  creux  de  la  main.  C’est  pourquoi  il  est  bon  de 
le  scruter.  Leur  sort  préfigure  le  nôtre,  et  ce  sort,  malgré 
des  millions  d’années,  malgré  des  vertus,  un  heroisme, 
des  sacrifices  qui  chez  nous  seraient  qualifiés 
d’admirables,  s’est-il  amélioré  ?  Il  s’est  quelque  peu 
statilisé  et  assuré  contre  certains  dangers,  mais  est-il 
plus  heureux  et  le  pauvre  salaire  paie-t-il  l’immense 
peine  ? 

MAETERLINCK,  "La  Vie  des  Termites." 


I 

! 


\ 


PREFACE 


The  twelve  lectures  which  make  up  the  present  volume 
were  delivered  during  the  spring  of  1925  at  the  University 
of  Paris  while  I  was  occup}dng  a  Harvard  exchange 
professorship  established  by  Mr.  James  Hazen  Hyde, 
and  were  published  by  Gaston  Doin  &  Co.,  during  the 
summer  of  1926  under  the  title  “  Les  Sociétés  d’insectes, 
leur  Origine,  leur  Evolution  ”  in  the  “  Encyclopédie 
Scientifique,”  edited  by  Professor  M.  Caullery.  The 
following  year  the  prix  Dollfus  was  conferred  on  the 
work  by  the  Société  Entomologique  de  France.  In  pre¬ 
paring  this  English  edition  I  have  retained  the  original 
lecture  form,  but  several  passages,  which  had  to  be 
omitted  in  order  to  bring  the  volume  within  the  require¬ 
ments  of  the  French  publisher,  have  been  restored  to  the 
text,  a  number  of  typographical  and  other  errors  have 
been  corrected  and  a  small  amount  of  new  material  has 
been  added.  I  have  also  introduced  several  new  illus¬ 
trations  and  have  omitted  a  few  of  those  in  the  French 
edition.  In  its  present  form  the  work  has  been  brought 
up  to  date  so  far  as  this  was  possible  without  unduly 
expanding  the  text  and  the  bibliography. 

I  am  greatly  indebted  to  Professor  Caullery  for  the 
care  and  labour  he  devoted  to  seeing  the  French  edition 
through  the  press.  For  typing  the  English  manuscript 
my  thanks  are  due  to  iVliss  Julia  C.  Foley  and  Miss  Frances 
K.  Rust.  Mrs.  Francena  Taylor  has  given  me  much 
aid  in  revising  the  manuscript  and  the  references  to  the 
bibliography  and  illustrations. 

Forest  Hills, 

Boston,  Mass. 
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THE  SCOPE  AND  MEANING  OF  THE 
SOCIAL  AMONG  THE  INSECTS 

The  evolution  of  the  social  insects  was  selected  as  the 
topic  of  this  course  of  lectures  for  several  reasons  :  First, 
because  lectures  on  an  important  group  of  insects  seemed 
to  me  to  be  eminently  appropriate  for  a  laboratory 
founded  by  the  illustrious  Giard  for  the  study  of  the 
evolution  of  organic  beings.  Second,  I  could  think  of  no 
subject  more  interesting  to  the  young  biologists  of  a 
country  which  has  produced  a  Réaumur,  a  Latreille,  a 
Lepelletier  de  St.  Fargeau,  a  Dufour,  a  Fabre,  a  Pérez,  a 
Ferton,  a  Paul  Marchai,  and  a  Bouvier,  not  to  mention 
a  host  of  other  brilliant  hymenopterists.  Third,  having 
myself  devoted  more  than  a  quarter  of  a  century  to  the 
study  of  a  single  family  of  the  social  insects,  wth  ample 
opportunities  for  travel,  and  as  the  recipient  of  much  aid 
from  enthusiastic  entomologists  in  all  parts  of  the  world,  it 
seemed  to  me  that  I  might  be  able  to  suggest  or  emphasize 
some  lines  of  thought  worthy  of  your  consideration. 
Fourth,  it  occurred  to  me  that  you  could  not  be  expected 
to  be  familiar  with  all  the  work  that  has  been  accom- 
phshed  by  my  countrymen  in  entomology,  and  that  by 
briefly  presenting  as  much  of  it  as  it  pertinent  to  my 
subject,  I  might  be  furthering  to  a  slight  degree  that 
intellectual  entente  cordiale,  which  we  are  so  desirous  of 
maintaining  between  France  and  the  United  States. 
Fifth,  I  believe  that  the  study  of  the  social  insects  has, 
at  the  present  time,  a  peculiar  interest  to  the  serious 
student  of  philosophy,  sociology,  and  animal  behaviour. 
Since  we  ourselves  are  social  animals — 1  had  almost  said 
social  insects — the  philosophically  inclined  cannot  fail 
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to  find  food  for  thought  in  the  strange  analogies  to  human 
society,  which  continually  reveal  themselves  among  the 
wasps,  bees,  ants  and  termites,  and  the  behaviourist  will 
note  that  they  suggest  a  bewildering  array  of  fascinating 
facts  and  problems.  Moreover,  the  very  elaborate  social 
behaviour  of  the  insects,  in  that  it  is  almost  exclusively 
determined  by  the  reflexes,  tropisms,  and  the  so-called 
instincts  and  not  by  intelligence,  assumes  great  theo¬ 
retical  significance,  when  we  contemplate  the  present 
anti-inteUectuahstic  and  relativistic  tendencies  and 
currents  of  European  and  American  thought.  We  are 
beginning  to  see  that  our  social  as  well  as  our  individual 
behaviour  is  determined  by  a  great  background  of 
irrational,  subconscious,  physiological  processes.  Any 
doubts  in  regard  to  the  existence  of  this  substratum  wiU 
be  dispelled  by  a  perusal  of  Pareto’s  “  Treatise  of  General 
Sociology  ”  (1917),  the  first  volume  of  which  is  devoted 
to  these  “  residues  ”  which  condition  our  social  activities. 

For  much  that  I  have  to  say  I  shall  have  to  draw  on 
materials  accumulated  while  I  was  preparing  my  Lowell 
lectures  on  "  Social  Life  Among  the  Insects.”  In  that 
work  I  endeavoured  to  stress  the  fundamental  rôle  of 
nutrition  in  the  development  of  the  various  insect 
societies,  but  in  the  present  lectures  I  wish  to  treat  the 
insect  societies  in  a  different  and  somewhat  more  technical 
manner,  and  to  dwell  on  certain  matters  which  were 
merely  suggested  in  my  former  course. 

Before  descending  very  far  into  details,  I  feel  that  I 
ought  to  attempt  at  least  partial  answers  to  four  very 
general  questions  : 

(1)  What  are  the  social  insects  ? 

(2)  Can  they  be  shown  to  have  had  an  evolution  ? 

(3)  If  so,  what  are  the  peculiarities  of  this  evolution, 

and  to  what  methods  must  we  resort  for  their 
elucidation  ? 

(4)  To  what  general  causes  or  conditions  may  we 

assign  this  evolution  ? 


INSECT  SOCIETIES 


3 


What  are  the  social  insects  ?  The  words  “  social  ”  or 
"  associative  ”  are,  of  course,  rather  vague,  and  tinged 
with  anthropomorphism.  Their  vagueness  is  due  to  the 
extraordinary  multiplicity  and  Protean  character  of  the 
phenomena,  even  among  the  insects,  not  to  mention  the 
various  classes  of  Vertebrates.  These  phenomena  range 
all  the  way  from  a  feeble  gregariousness  or  collectivity 
or  the  mere  temporar}^  union  of  the  sexes  to  permanent 
and  highly  integrated  societies  remotely  analogous  to  our 
own.  The  anthropomorphism  attaching  to  the  word 
“  social  ”  is  easily  explained  and  may  be  condemned 
or  condoned  according  to  the  general  philosophical 
convictions  of  the  critic.  I  can  only  record  my  belief 
that  in  the  discussion  of  matters  psychological — and  the 
phenomena  in  question  are  in  part  psychological — we  can 
scarcely  avoid  a  certain  amount  of  anthropomorphism 
or  teleology. 

Recently  Deegener  (1918)  has  made  a  bold  and  rather 
unsatisfactory  attempt,  in  a  tome  of  420  pages,  to  classify 
and  describe  all  the  various  forms  of  association  in  the 
animal  kingdom.  He  distinguishes  some  ninety-two 
different  categories,  fifty-three  of  which  are  represented 
among  the  insects.  They  are  all  supphed  with  scientific 
names,  mostly  of  Greek  derivation,  some  of  which,  like 
“  heterosymphagopædium  ”,  ”  amphoterosynhesmium  ”, 
and  ”  heterosynepileium  ”,  have  a  truly  Germanic 
ponderosity.  The  ninety-two  different  categories  are 
divided  into  two  groups,  accidental  societies  or  associa¬ 
tions,  in  which  the  congregation  of  the  organisms  has 
no  intrinsic  value,  i.e.,  serves  no  useful  purpose  for  the 
individual,  and  essential  societies  or  associations,  in 
which  the  congregation  has  an  intrinsic  value  or  sub¬ 
serves  in  part  a  useful  purpose.  Each  of  these  leading 
categories  is  subdivided  according  as  the  association 
comprises  individuals  of  the  same  or  of  different  species. 
The  finalistic  principimn  divisionis  of  the  main  groups 
is  very  dubious,  to  say  the  least,  since  even  the  most 
highly  integrated  animal  associations  are  frequently 
confronted  with  situations  in  which  membership  in  the 
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society  inevitably  involves  the  destruction  of  the 
individual.  And  apart  from  the  fact  that  the  same 
animal  (e.g.,  the  sexton-beetle,  Necrophorus)  is  cited 
by  Deegener  as  belonging  to  several  different  categories, 
some  of  the  latter  border  on  the  humorous  as  e.g., 
his  “  heterosymporium  ”,  which  comprises  the  insects 
of  different  species  brought  together  by  a  freshet,  or  the 
various  animals  fleeing  from  a  prairie  fire,  or  his  ”  sym- 
photium  ”,  which  comprises  the  miscellaneous  assortment 
of  insects  attracted  by  a  lamp. 

The  classification  of  social  forms  adopted  by  Alverdes 
(1925)  into  associations  and  societies  is  both  more 
logical  and  more  useful  than  that  of  Deegener.  Associa¬ 
tions  are  aggregations  of  organisms  brought  about  by 
extraneous  factors  whereas  in  societies  the  individuals 
are  held  together  by  a  mutual  attraction,  or  peculiar 
social  appetency.  In  associations  the  single  individual 
is  oriented  primarily  towards  stimuli  emanating  from 
its  environment  apart  from  the  other  individuals  of  its 
species,  but  in  societies  the  stimuh  are  furnished  by  the 
latter  and  orientation  towards  the  remaining  environ¬ 
ment  is  secondary.  In  true  societies,  therefore,  an 
individual  may  exchange  a  favourable  for  an  unfavour¬ 
able  environment  merely  in  order  to  satisfy  its  craving 
to  remain  with  other  individuals  of  its  kind.' 

*  Rabaud  (1927)  has  rather  captiously  criticized  Bouvier  (1926)  and 
myself  on  the  basis  of  some  observations  on  males  of  Halictus  and  on 
general  principles.  Since  he  adopts  a  strenuously  physiological  view 
of  biology  and  seems  to  be  unable  to  accord  any  value  to  the  historical, 
or  phylogenetic  aspect  of  the  science,  discussion  of  his  general  position 
would  be  unprofitable.  So  far  as  his  observations  are  concerned,  it  is 
difficult  to  see  that  he  has  added  anything  of  importance  to  what  has 
long  been  known  in  regard  to  a  great  many  insects  that  form  aggrega¬ 
tions,  orassociations,  such  as  the  Ipid,  or  Scoljdidand  Plalypodid  beetles, 
hibernating  Coccinellids  and  many  solitary  Aculeates  which  make 
their  individual  nests  in  close  pro.ximity  to  one  another  (Bembix, 
Philanthus,  Synagris,  Andrena,  etc.).  At  the  same  hour  and  especially 
in  the  evenings  of  several  consecutiv'e  davshe  observed  males  of 
latipes  and  nigricornis  congregated  in  compact  clusters  on  a  few  dry 
grass  stems  in  two  localities,  and  concludes  from  several  experiments 
that  the  insects  were  attracted  to  these  particular  spots  as  if  they  were 
nesting  sites.  He  believes,  however,  that  the  initial  attraction  was 
due  to  intcrindividual  stimuli  and  was  not  therefore  merely  gregarious, 
or  associational,  but  social.  I  have  myself  seen  very  similar  daily 
agglomerations  of  males  of  our  North  .American  Chloraiictus  albipennis 
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Now  it  seems  to  be  obvious  that  the  behaviour  of 
every  animal,  figuratively  speaking,  revolves  about 
two  axes,  one  of  which  is  aggressive  and  individualistic, 
the  other  co-operative,  or  social.  The  Darwinians  took 
the  former  behaviour  largely  for  granted  and  greatly 
stressed  it,  so  that  the  latter  appeared  to  be  exceptional 
and  in  need  of  a  special  explanation.  At  the  present 
time  one  might  more  properly  require  an  explanation 
of  the  solitary  mode  of  life,  so  deeply  are  all  who  study 
animals  in  their  complicated  livincr  environment 
impressed  by  their  social  or  associative  proclivities. 
This  is  apparent  even  in  the  biocœnoses,  since  every 
organism,  no  matter  how  egocentric,  predatory  or 
parasitic,  is  social  or  co-operative  at  least  to  the  extent 
of  being  a  member  of  some  biocoenose. 

The  truth  of  the  foregoing  statement  was  so  long  ago 
and  so  admirably  expressed  by  Espinas  in  the  introduc¬ 
tion  to  his  “  Des  Sociétés  Animales  ”  (1877)  that  I 
cannot  refrain  from  quoting  the  pertinent  passage  ; 
“  No  living  being  is  solitary.  Animals,  especially, 
sustain  multiple  relations  with  the  organisms  of  their 
environment,  and  without  mentioning  those  that  live 
in  permanent  intercourse  with  their  kind,  nearly  all  are 
impelled  by  biological  necessity  to  contract,  even  if  only 
for  a  brief  moment,  an  intmiate  union  with  some  other 
individual  of  their  species.  Even  among  organisms 
devoid  of  distinct  and  separate  sexes,  some  traces  of 
social  life  are  manifested,  both  among  the  animals  that 
remain,  hke  plants,  attached  to  a  common  stock  and 


on  particular  corymb.s  of  Aster  corymhosa,  but  bave  attributed  it  to 
an  impregnation  of  the  flowers  with  odours,  left  either  by  virgin  females 
which  had  previously  visited  them,  or  by  the  males  after  they  had  once 
congregated  on  the  spot.  These  possibilities  are  not  considered  by 
Kabaud.  Furthermore,  as  will  be  shown  in  the  fourth  lecture  many 
species  of  Halictus  are  really  social  bees,  so  that  Kabaud  is  not 
dealing  with  a  simple  or  incipient  tendency  to  social  life,  h'inally 
Bouvier  and  I  were  not  concerned  with  tlie  universal  phenomena  of 
the  social  in  its  broadest  sense,  but  with  the  true  genetic  societies  of 
insects,  and  Kabaud  seems  to  overlook  the  fact  that  these  societies 
have  a  definite  ontogeny  traceable  to  detinite  physiological  relations 
between  parent  and  offspring. 
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among  the  lowly  beings  which,  before  separating  from 
the  parental  organism,  remain  for  some  time  attached 
to  it  and  incorporated  with  its  substance.  Communal 
hfe,  therefore,  is  not  an  accidental  fact  in  the  animal 
kingdom  ;  it  does  not  arise  here  and  there  fortuitously 
and  as  it  were  capriciously  ;  it  is  not,  as  is  so  often 
supposed,  the  privilege  of  certain  isolated  species  in  the 
zoological  scale,  such  as  the  beavers,  bees  and  ants,  but 
on  the  contrary — and  we  beheve  we  are  in  a  position  to 
prove  this  statement  abundantly  in  the  present  work — 
a  normal,  constant,  universal  fact.  From  the  lowest  to 
the  highest  forms  in  the  series,  all  animals  are  at  some 
time  in  their  hves  immersed  in  some  society  ;  the  social 
medium  is  the  condition  necessary  to  the  conservation 
and  renewal  of  hfe.  This  is,  indeed,  a  biological  law 
which  it  wiU  be  expedient  to  elucidate.  Moreover, 
from  the  lowest  to  the  highest  stages  in  the  series,  we 
detect  in  the  development  of  social  habits  a  progression 
which  if  not  uniform  is  at  least  constant,  so  that  each 
zoological  group  carries  the  perfecting  of  these  habits 
a  little  farther  in  one  or  another  direction.  Finally, 
social  facts  are  subject  to  laws  and  these  are  the  same 
everywhere  where  such  facts  appear,  so  that  they 
constitute  a  considerable  and  uniform  domain  in  nature, 
a  homogeneous  whole  thoroughly  integrated  in  aU  its 
parts.” 

Perhaps,  if  we  were  asked  to  point  to  a  group  of 
typically  sohtary  animals,  we  should  select  the  spiders, 
but  when  we  study  them  in  the  tropics,  we  find  that 
many  of  the  species  are  decidedly  gregarious  or  vaguely 
social.  Recently,  in  Panama,  Mr.  Nathan  Banks  and 
I  were  impressed  by  the  habits  of  several  of  these 
arachnids.  One  of  the  largest  and  commonest  of  the 
orb-weaving  spiders,  Nephilla  pLumipes,  during  the 
wet  season,  regularly  builds  its  webs  in  such  a  fashion 
that  those  belonging  to  different  females  run  together 
so  that  huge  and  elaborate  structures  are  sometimes 
formed.  One  compound  web,  which  we  observed  among 
the  trees  on  the  summit  of  Ancon  Hill  near  the  City  of 
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Panama,  was  fvilly  twenty  feet  broad  and  more  than 
twenty-five  feet  high.  In  it  were  suspended  at  least 
200  female  and  nearly  as  many  male  Nephillæ,  besides 
a  considerable  number  of  Argyrodes  nephillæ,  a  small 
parasitic  Theridiid  spider  which  fives  only  in  the  webs 
of  Nephilla.  We  also  encountered  several  species  of 
Theridion  and  Uloborus  which  unite  their  webs  in  a 
similar  manner,  and  a  peculiarly  social  species,  apparently 
undescribed,  but  allied  to  Anelosimus  socialis  Simon, 
in  the  webs  of  which  dozens  of  females  of  all  ages  moved 
about  freely  and  in  all  probability  fed  in  common  on 
at  least  the  larger  prey.  Many  of  these  spiders  bore 
on  their  abdomens  the  larvae  of  a  parasitic  Hymenopteron 
(probably  Polysphincta).  Even  alien  insects  may  five 
unmolested  in  the  webs  of  some  of  these  Panamanian 
spiders.  On  Barro  Colorado  Island  we  found  numerous 
red  nymphs  and  black  adults  of  a  small,  ant-like  Nabid 
bug  {Arachnocoris  albomaculatus  Scott)  resting  or  moving 
about  in  the  webs  of  Uloborus  and  Theridion  and 
apparently  feeding  on  the  prey  abandoned  by  the  spiders 
(see  Myers  (1925)).  On  two  occasions  we  observed 
dozens  of  small  Cecidomyid  flies  resting  peacefully  on 
the  webs  of  Nephilla  and  Uloborus.  When  the  webs 
were  shaken,  the  tiny  insects  flew  off  only  to  return  at 
once  to  their  former  station. 

In  1891,  Simon  made  similar  observations  on  the 
social  habits  of  spiders  in  Venezuela  and  cites  numerous 
example'î  in  other  tropical  countries.  He  gives  an 
excellent  account  of  Epeira  bandelieri,  Anelosimus 
socialis  and  Uloborus  republicanus.  On  ordinary  occasions 
E.  bandelieri  is  solitary,  but  when  the  egg-laying  season 
approaches  several  females  congregate  and  together 
construct  a  large  elliptical  capsule  in  which  they  conceal 
themselves  and  make  their  egg-cocoons.  A.  socialis 
fives  in  colonies  of  several  thousand  individuals  which 
construct  a  common  web.  “  The  spiders  walk  about 
on  it  freely,  meet  one  another  and  exchange  greetings 
with  their  palpi,  as  ants  do  with  their  antennae,  and 
sometimes  devour  the  more  voluminous  pieces  of  prey 
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in  common.”  The  association  of  U.  repuhlicanns  is 
‘‘  far  the  most  perfect,  since  it  presents  both  a  web 
constructed  by  all  the  associates  working  together 
and  single  webs  constructed  by  individual  spiders. 
Several  hundred  Ulobori  live  together.  They  spin 
among  the  trees  an  immense  structure,  consisting  of  a 
central  web  with  rather  dense  meshes  on  which  numerous 
individuals  of  both  sexes,  but  mostly  males,  are  stationed. 
This  web  is  suspended  by  long  threads,  radiating  in 
all  directions  and  attached  to  surrounding  objects.  In 
the  intervals  of  these  stout  strands,  other  Ulobori 
weave  orbicular  webs  with  radii  and  circles,  and  inhabited 
only  by  single  individuals.  Mating  takes  place  on  the 
central  web,  if  we  may  judge  from  the  number  of  males 
which  we  found  congregated  on  it.  .  .  .  It  is 

certainly  the  place  where  the  eggs  are  laid.  All  the 
females  of  the  colony  seem  to  lay  almost  simultaneously. 
At  this  time  the  males  have  disappeared  and  the  females, 
having  ceased  to  spin  regular  webs,  are  attached  to  the 
central  web,  a  few  centimetres  apart  and  each  guarding 
her  cocoon  in  complete  immobility.” 

According  to  Bouvier  (1918),  ‘‘  Semichon  (1909)  has 
observed  the  same  fraternal  sharing  (of  the  prey  as  in 
U.  republicanus)  in  a  Mexican  social  spider,  Cœnothele 
gregalis,  brought  to  the  Museum  in  Paris  by  Leon  Diguet 
(1909a,  1909b).  In  order  to  capture  insects,  this  species 
constructs  on  the  trees  great  concentric  webs  consisting 
of  carded  strands.  Thousands  of  individuals  live  in 
harmony  in  this  immense  alveolar  sac  and  never  leave  it, 
except  after  the  rainy  season,  when  they  emigrate, 
or  rather  swarm,  to  leave  room  for  the  young.  These 
webs  may  be  divided  and  are  hung  from  the  ceiling  and 
used  as  fly-traps  in  certain  parts  of  Mexico.  One  of 
them,  exhibited  in  the  galleries  of  the  Museum,  is  several 
meters  long  ”.  Diguet  has  the  following  notes  on  two 
interesting  commensals  which  he  found  living  in  these 
nests  of  Cœnothele.  ”  In  all  the  internal  portions  of  the 
nest  very  great  numbe-rs  of  a  Latridiid  of  the  genus 
Melanophthalma  are  found  living  as  commensals.  The 
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rôle  assumed  by  this  minute  beetle  seems  to  be  the 
cleaning  of  the  nest,  i.c.,  transporting  and  doing  away 
with  the  detritus  which  may  encumber  or  soil  the 
galleries  ;  its  principal  food  seems  to  be  the  remnants 
of  the  spiders’  repasts.  .  .  .  Another  commensal 

also  found  living  in  perfect  harmony  with  the  ‘  mosquero  ’ 
colony  is  a  wandering  spider  which  has  become  a  guest 
in  this  lodging  and  there  finds  an  easy  and  assured 
existence  This  spider  was  identified  by  Simon  (1909) 
as  PcecilocJiroa  convictrix  Simon. 

In  1926,  I  published  some  notes  on  a  couple  of  social 
spiders,  Cyrtophora  citricola  and  Argyrodes  argyrodes, 
which  I  observed  in  the  Canary  Islands  (Teneriffe,  Palma 
and  Gran  Canaria).  There  is  much  the  same  relation 
between  these  two  species  as  between  the  Panamanian 
Nephilla  plumipes  and  Argyrodes  nephillcB  mentioned 
above.  The  webs  constructed  by  the  Cyrtophora  are 
spread  over  trees  and  shrubs  and  are  sometimes  of 
great  dimensions.  At  Puerto  de  la  Luz  I  found  a  dense 
hedge  of  Opuntia  cactus  fully  one  hundred  feet  long  and 
six  or  eight  feet  wide,  covered  by  a  single  web  estimated 
at  more  than  1,000  square  feet  and  containing  many 
thousands  of  spiders.  The  web  consists  of  two  parts, 
a  very  irregular  structure  or  frame  work  of  long,  coarse, 
yellow  and  somewhat  glutinous  threads,  running  in  all 
directions  and  attached  to  the  plants,  and  a  variable 
number  of  suborbicular,  horizontal  webs  suspended 
side  by  side  or  one  above  the  other  in  the  frame  work. 
These  webs  are  three  to  eight  inches  in  diameter  and 
made  of  very  even  square  meshes,  of  the  size  of  those  of 
mosquito  netting,  but  consisting  of  exceedingly  delicate, 
whitish  silk.  The  Cyrtophoras  rest  on  the  lower,  convex 
surfaces  of  these  webs.  Individuals  of  all  ages  live 
together  amicably  and  seem  to  feed  in  common  on  the 
prey  that  is  caught  in  the  webs,  but  the  adult  females 
(15  mm.  long),  which  are  gray,  with  large,  paired,  silver 
spots  on  the  dorsal  surface  of  the  abdomen,  are  usually 
few  in  number.  The  egg-cocoons  are  elliptical,  about 
15  to  20  mm.  long,  made  of  dense,  coarse,  gray-green 
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silk,  and  are  suspended  vertically  in  or  near  the  center 
of  the  whole  structure.  They  vary  from  one  to  five  in 
number  and  are  attached  to  one  another  in  a  series, 
so  that  they  resemble  a  string  of  minute  sausages.  The 
mother  spider  is  usually  found  resting  at  the  end  of  the 
lowermost  cocoon.  The  Argyrodes,  which  are  black, 
with  pale  legs  and  extensive  silver  spots  on  the  abdomen 
and  are  very  much  smaller  than  the  adult  Cyrtophoras 
(adult  female  only  4.5  mm.,  adult  male  3.5  mm.),  were 
also  present  in  all  the  webs  which  I  examined.  They 
seem  to  make  no  webs  of  their  own  but  live  in  the  coarse 
framework  of  the  structure  spun  by  the  larger  species. 
Like  the  latter,  they  are  present  in  considerable  numbers, 
of  all  sizes  and  of  both  sexes.  They  were  seen  to  feed 
on  small  insects  caught  in  the  coarse  yellow  strands. 
When  disturbed  they  quickly  drop  to  the  ground  by 
letting  out  a  thin  silken  filament,  but  the  Cyrtophoras 
run  off  to  the  side  and  hide  in  the  fohage  of  the  plant 
supporting  the  web.  The  egg-cocoons  of  the  Argyrodes 
resemble  certain  seed-capsules  and  are  of  the  pecuhar  type 
seen  in  other  species  of  the  genus,  being  small  sub- 
spherical  or  pear-shaped,  yellowish  brown,  papery- 
walled  structures.  One  pole  of  the  capsule  is  prolonged 
into  a  stiff  stem,  or  pedicel  by  which  the  capsule  is 
suspended  from  the  threads  of  the  web  and  at  the  opposite 
pole  there  is  a  small  circular,  protruding  rim.* 

Probably  most  of  us  would  agree  with  Pétrucci  (1906) 
who  reviewed  the  various  forms  of  societies  among  the 
vertebrates  and  pointed  to  their  polyphyletic  derivation. 


*  Interesting  accounts  of  the  habits  of  the  social  spiders  of  the  genus 
Stegodyphus,  represented  by  several  species  in  South  Africa  and 
India  are  given  by  Simon  (1892-5),  Distant  (1898),  Marshall  (1898), 
Pocock  (1903)  and  Jambunathan  (1908).  Walsingham  (1903),  Marshall 
and  Pocock  also  describe  a  peculiar  Tineid  moth  (Batrachcdra 
stegadyphohii(s)  which  lives  in  all  its  stages  in  the  webs  of  these  spiders. 
Mr.  J.  H.  Emerton  informs  me  that  some  of  our  New  England  spiders 
may  build  closely  continuous  webs,  e.g.  Dictyna  muraria  and  A  maurohhts 
ferox,  and  that  he  has  seen  more  than  a  hundred  small  midges  resting 
peacefully  on  the  w'eb  of  Linyphia  marginala.  Kecently  Prof.  C.  T. 
Prues  has  made  some  observations  on  Uloborus  fcpublicanns  which  is 
common  near  the  Elarvard  Tropical  l.aboratory,  at  Soledad,  Cuba. 
Sae  elso  Schwarz  (1904)  and  Banks  (1904). 
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when  he  says  :  “  There  is  no  inheritance  in  the  social 
activities  of  animals,  except  a  tendency  to  associa¬ 
tion,  a  tendency  manifested  in  a  predominant  fashion 
throughout  the  domain  of  biology  and  realized  in 
concrete  phenomena  whenever  and  wherever  external 
conditions  permit  of  its  manifestation  Pétrucci 

naturally  traces  his  “  tendance  associative  ”  to  such 
phenomena  as  the  cellular  constitution  of  the  Metazoa 
and  Metaphyta  and  even  to  atomic  equilibria  and  mole¬ 
cular  associations  in  the  inorganic  world.  But  the 
conception,  though  not  devoid  of  interesting  philosophical 
impheations,  thus  becomes  very  vague.  I  should  prefer 
for  the  purpose  of  making  the  matter  more  concrete  and 
intelligible,  at  least  in  the  biological  field,  to  regard  the 
“  tendance  associative  ”  as  an  “  appetition  ”  in  the 
sense  in  which  that  term  has  been  employed  by  the 
French  thinker  Fouillée  and  the  British  and  American 
psychologists  Drever  (1917),  Craig  (1918)  and  Thurstone 
{1924).  It  thus  takes  its  place  with  the  other  appetitions 
like  hunger  and  sex,  though  it  is  feebler,  more  continuous, 
i.e.,  less  spasmodic  and,  therefore,  less  obvious.  It  is 
most  strikingly  displayed,  however,  in  the  restless 
behaviour  of  the  higher  social  animal  when  isolated 
from  the  continuous,  customary  stimuli  of  its  kind.^ 

That  this  social  appetition  is  clearly  and  very  generally 
manifested  in  certain  insects  admits  of  Httle  doubt, 
but  it  will  be  advantageous  to  narrow  the  conception 
still  further  by  the  introduction  of  other  considerations 
if  we  are  to  make  any  use  of  it  in  the  very  special  field 
which  I  have  marked  out  for  treatment  in  these  lectures. 
There  are  authors,  who  like  Fabre  have  hinted  that  even 
the  societies  of  ants  and  bees  may  have  arisen  phylogene- 
tically  by  chance  associations  of  female  insects  of  the 
same  species,  but  this  was  before  the  actual  constitution 
and  genesis  of  insect  societies  were  known.  It  is  now 

'  I  do  not,  of  course,  wish  to  imply  agreement  with  the  views  of 
Becher  (lyiy),  who  postulates  a  distinct  altruistic  penchant  in  certain 
plants  and  animals  to  serve  other  and  cpiite  unrelated  organisms. 
This  view  has  been  adequately  criticized  by  Bequaert  {1924),  A.  Meyer 
(1926),  and  others. 
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unanimously  admitted  that  all  insect  societies  worthy 
of  the  name,  and  no  matter  how  populous,  are  famihes, 
i.e.,  affiliations  of  the  parents  and,  in  most  cases,  of  the 
mother  alone,  with  the  offspring.  This  view  is  abund¬ 
antly  supported  by  the  study  of  the  ontogeny  of  existing 
insect  societies  and  by  such  fragmentary  indications  as 
we  can  obtain  in  regard  to  their  phytogeny. 

There  has  evidently  been  a  very  long  evolution  through 
numerous  stages  of  constantly  increasing  intimacy  of 
the  mother  with  her  progeny  from  the  most  rudimentary 
stage  of  complete  or  almost  complete  indifference  to  one 
of  mutual  and  abiding  co-operation.  We  may  con¬ 
struct,  e.g.,  such  a  series  as  the  following,  without  stopping 
to  enumerate  concrete  examples,  many  of  which  will 
at  once  occur  to  you. 

(1)  The  insect  mother  merely  scatters  her  eggs  in 

the  general  environment  in  which  the 
individuals  of  her  species  normally  hve 
{atrophaptic  insects).  In  some  cases  the 
eggs  are  placed  near  the  larval  food  [dystro- 
phaptic  insects). 

(2)  She  places  her  eggs  on  some  portion  of  the 

invironment  (leaves,  etc.)  which  wiU  serve 
as  food  for  the  hatching  larvae  {eutropJiaptic 
insects). 

(3)  She  supplies  her  eggs  with  a  protective  covering. 

This  stage  may  be  combined  with  (i)  or  (2). 

(4)  She  remains  with  her  eggs  and  young  larvae 

and  protects  them. 

(5)  She  deposits  her  eggs  in  a  safe  or  specially 

prepared  situation  (nest)  with  a  supply  of 
food  easily  accessible  to  the  hatching  young 
(mass  provisioning). 

(6)  She  remains  with  the  eggs  and  young  and  protects 

and  continuously  feeds  the  latter  with  pre¬ 
pared  food  (progressive  provisioning). 
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(7)  The  progeny  arc  not  only  protected  and  fed  by 
the  mother,  but  eventually  co-operate  with 
her  in  rearing  additional  broods  of  young,  so 
that  parent  and  offspring  live  together  in  an 
annual  or  perennial  society. 

The  insects  included  in  categories  (i)  to  (5)  may  be 
designated  as  “  infrasocial  ”  ;  those  of  (6),  which  are 
more  interesting  for  our  purposes  may  be  called  “  quasi-  ” 
or  “  subsocial  Only  the  last  category  (7)  comprises 
social  forms  sensu  stricto.  This  final  stage  in  the  series 
is  reached  primarily  through  the  development  of  an 
increased  interest  on  the  part  of  the  mother  in  the  later 
instars  of  her  offspring  and  is,  of  course,  made  possible 
by  a  lengthening  of  her  individual  life-span.  Had  the 
students  of  human  sociology  been  conversant  with  this 
very  obvious  inference  we  might  have  been  spared  some 
speculations  which  are  constantly  repeated  in  sociological 
literature.  John  Fiske  in  his  “  Cosmic  Philosophy  ” 
(1874)  maintained  that  the  lengthening  of  hunjan 
infancy  and  childhood  has  led  to  the  definitive  association 
of  the  parents  with  the  offspring.  He  conceived  this  to 
be  a  new  interpretation  of  the  origin  of  the  family,  but 
Lovejoy  (1922)  has  recently  shown  that  the  notion  was 
familiar  to  many  eighteenth  century  thinkers.  He 
mentions  particularly  the  poet  Pope,  and  the  philosophers 
Locke  and  Rousseau,  and  shows  that  Rousseau  demol¬ 
ished  Locke’s  argument,  which  was  essentially  that  of 
John  Fiske,  in  1755,  in  his  “  Discourse  on  the  Origin 
of  Inequality  ”  by  pointing  out  that  if  the  habit  of  family 
life  had  not  been  established  by  primitive  man  during  the 
months  preceding  the  birth  of  the  first  child,  the  human 
male  would  hardly  have  come  to  the  aid  of  the  female 
after  the  “  accouchement  ”.  “  Why  should  he  aid  her 

to  rear  an  infant  which  he  does  not  even  know  to  be  his, 
and  the  birth  of  which  he  has  neither  purposed  nor 
foreseen  ”.  At  the  present  day  we  should,  of  course, 
turn  to  a  study  of  the  Anthropoids  for  light  on  the 
remote  and  nebulous  origins  of  the  human  family. 
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It  is  obvious,  however,  that  no  mere  lengthening  of 
infancy  and  childhood  would  be  of  value  without  a  pre¬ 
ceding  or  concomitant  lengthening  of  the  adult  life 
of  the  parents.  This  consideration,  so  clearly  indicated 
by  the  insects,  seems  to  have  been  completely  over¬ 
looked  by  the  writers  above  mentioned. 

Of  the  physiological  causes  for  the  increased  adult 
longevity  of  the  social  insects  we  know  nothing.  It  is 
probable,  as  Pearl  (1924)  has  suggested,  that  the  duration 
of  an  animal’s  life  stands  in  reverse  relation  to  the  amount 
of  its  metabolic  activity.  Certainly  the  hfe-span  of  the 
three  castes  of  ants  and  social  bees  would  seem  to  be 
roughly  proportional  to  their  respective  expenditures  of 
energy.  But  the  problem  before  us  is  concerned  with 
the  lengthening  of  adult  life  after  the  beginning  of 
reproduction.  The  long  Hves  which  many  insects  lead 
before  they  reproduce,  e.g..  Cicada  septemdecim,  the 
larvae  of  Ephemerids,  Cerambycids,  etc.,  cannot  lead 
to  the  development  of  societies  and,  of  course,  adult 
longevity  merely  gives  the  parent  the  opportunity  for 
association  with  its  progeny,  but  does  not  account  for  its 
interest  in  the  latter  or  the  care  expended  on  their 
nurture. 

It  seems  to  me  that  the  decrease  in  metabolic  activity 
which,  according  to  Pearl,  might  be  supposed  to  increase 
the  adult  Hfe-span,  especially  of  the  fertile  females, 
may  be  due  to  the  fact  that  all  the  subsocial  and  social 
insects  Hve  in  smaU  cavities  of  the  soil  or  wood,  in  hives 
or,  in  the  more  exceptional  cases  of  social  wasps  and 
certain  tropical  ants,  in  the  cavities  of  carton  nests. 
The  environment  is,  therefore,  one  which  restricts  or 
inhibits  muscular  movement  and  is  dark,  poor  in  oxygen, 
and  of  rather  low  and  uniform  temperature.  AH  of 
these  conditions  would  necessarily  favour  a  lowered 
rate  of  metabolism  and  activity  and  an  accumulation 
of  fat  in  the  insect  body.  The  queens,  or  mothers  of 
insect  societies  certainly  impress  one  as  having  acquired 
their  physiological  and  some  of  their  morphological 
pecuHarities  as  responses  to  just  such  an  environment. 
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for  they  arc  very  sluggish  and  tend  to  lose  the  powers 
of  flight  (Meliponinæ)  or  even  the  wings  (ants  and 
termites)  and  to  acquire  an  accentuated  anabolism  as 
shown  in  the  accumulation  of  fat  and  of  yolk-laden  eggs. 
Very  probably,  therefore,  both  the  lengthening  of  adult 
hfe  and  the  fecundity  of  these  insects  have  been  gradually 
acquired  in  response  to  the  very  restricted  environ¬ 
ment  in  which  they  not  only  develop  but  also  continue 
to  hve  as  adults.  Their  fecundity  is  to  a  certain  extent 
a  function  of  their  longevity  and  is  clearly  expressed  in 
the  size  of  the  adult  colony  in  all  the  species  of  social 
insects,  especially  in  the  higher  termites  (Termes), 
in  the  ants  of  such  genera  as  Ecitonand  Attaand  in  the 
honey  bee.  On  the  other  hand,  the  small  size  of  the 
adult  colonies  of  many  primitive  ants  (Ponerinæ)  and 
termites  (Calotermitidæ)  would  seem  to  be  the  effect  of 
the  rather  short  hfe  of  the  mother  queen. 

I  have  drawn  up  for  brief  consideration  the  following 
hst  of  the  previously  designated  subsocial  and  social 
insects  : — 

LIST  OF  SOCIAL  AND  SUBSOCIAL  INSECTS 

COLEOPTERA 

1.  Silvanidæ  (Coccidotrophus,  Eunausibius). 

2.  ScarabceidcB  (Copris,  Minotaurus). 

3.  PassalidcB  (Passalus,  etc.). 

4.  TenehrionidcB  (Phrenapates). 

5.  IpidcB  (Xyleborus,  etc.). 

6.  PlaiypodidcB  (Platypus,  etc.). 

Hymenoptera  {Acnleata) 

7.  Bethylidœ  (Scleroderma). 

8.  Masaridinæ  (Ceramius). 

g.  Eiimenince  (Synagris,  Odynerus). 

10.  ZethincB  (Zethus). 

*11.  StenogastrincB  (Stenogaster). 

*12.  EpiponincB  (Belonogaster,  Chartergus,  etc.). 

*13.  RopaUdiincs  (Ropalidia). 

*14.  PoListince  (PoUstes). 
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*15.  VespincB  (Vespa). 

16.  Sphecinæ  (Ammophila). 

17.  TrypoxylonincB  (Trypoxylon). 

18.  BemhicincB  (Bembix). 

*19.  HalictincB  (Halictus). 

*20.  CeratinincB  (AUodape). 

*21.  BombincB  (Bombus). 

*22.  Meliponince  (Melipona,  Trigona). 

*23.  ApincB  (Apis). 

*24.  FormicidcB  (Formica,  etc.). 

Other  Orders 

25.  Blattoidea  (Dasypoma). 

26.  Dermaptera  (Forficulidæ). 

27.  Orihopera  (Gryllotalpa). 

28.  Embidaria  (Embiidæ). 

29.  Zoraptera  (Zorotypus). 

*30.  Isoptera  (Termitidæ). 

This  list  is,  doubtless,  incomplete  since  our  knowledge 
of  the  habits  of  many  insects,  especially  of  the  tropical 
species,  is  still  very  unsatisfactory.  I  might  have 
included  the  Australian  species  of  Perga  belonging  to  the 
Tenthredinidæ  and  a  number  of  Heteroptera,  the  females 
of  which  guard  their  eggs  and  just  hatched  young,  but 
these  and  similar  cases  grade  imperceptibly  into  the 
infrasocial  forms.  From  the  list  as  it  stands,  and  from 
considerations  to  be  developed  in  future  lectures,  it 
will  be  seen  that  social  organization  has  been  attempted 
on  at  least  thirty  different  occasions,  and  in  eight  very 
different  natural  orders.  At  least  twelve  of  these 
groups,  designated  by  asterisks,  have  become  definitively 
social  ;  the  remainder  have  not  progressed  beyond  very 
rudimentary  beginnings.  Some  of  these  subsocial 
insects,  especially  the  Coleoptera,  are  very  interesting, 
but  their  habits  are  so  diverse  that  I  shall  have  to  refer 
you  to  the  brief  account  which  I  have  given  of  their 
activities  in  my  “  Social  life  among  the  Insects  ”.  Here 
a  sketch  of  the  habits  of  the  social  Silvanidae  which 
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I  first  olisorvcd  during  the  summer  ol  1920  in  British 
Guiana  will  have  to  serve  as  a  paradigm  of  the  whole 
series. 

These  beetles,  which  Messrs.  Schwarz  and  Barber  have 
named  Coccidoirophns  socialis  and  Eunausibius  ivheeleri 
(Fig.  la  and  b)  are  less  than  a  quarter  of  an  inch  in  length 
and  have  long,  slender,  subeylindrical,  red  or  chestnut 
brown  bodies,  with  short  legs  and  club-shaped  antennae. 
They  occur  only  in  the  hollow  leaf-petioles  of  a  very 
interesting  tree,  Tachigalia  paniadata,  and  only  in  young 
specimens,  one-and-a-half  to  seven  feet  high  while 
they  are  growing  in  the  shade  under  the  higher  trees  of 
the  jungle.  The  older  trees,  which  may  attain  a  height 
of  forty  feet  or  more,  have  all  their  petioles  inhabited  by 
\dciously  stinging  or  biting  ants,  [Psendomyrma  maligna 
and  crucians,  Aztcca  foveolata).  Each  beetle  colony 
is  started  by  a  male  and  female  which  bore  through  the 
wall  of  the  petiole,  clean  out  any  pith  (Fig.  ic)  or  remains 
of  previous  occupants  it  may  contain  and  commence 
feeding  on  a  peculiar  tissue  rich  in  proteins,  which  is 
developed  in  parallel,  longitudinal  strands  in  the  wall 
of  the  petiole  (Fig.  id  and  e).  As  they  keep  gnawing 
out  this  tissue  they  gradually  make  grooves  and  pile 
their  feces  on  the  ungnawed  intervening  areas  so  that 
the  interior  of  the  petiole  assumes  a  peculiar  appearance. 
WTiile  the  beetles  are  thus  engaged,  numbers  of  small 
mealy-bugs  of  the  genus  Preudococcus  (Ps.  brevipes), 
covered  with  snow-white  wax,  wander  into  the  petiole 
through  the  opening  made  by  the  beetles,  settle  in  the 
grooves,  sink  their  delicate  sucking  mouth-parts  into 
the  nutritive  tissue  and  imbibe  its  juices.  The  beetles 
soon  begin  to  lay  their  small,  elliptical,  white  eggs  along 
the  edges  of  the  grooves,  and  the  hatching  larvae,  which 
are  beautifully  translucent,  run  about  in  the  cavity, 
and  feed  on  the  same  tissue  as  the  parents.  But 
incredible  as  it  may  seem,  both  the  adult  beetles  and  the 
larvae  in  all  stages  have  learned  to  stroke  the  mealy¬ 
bugs  with  their  antennae,  just  as  our  common  ants 
stroke  similar  mealy-bugs  and  plant-lice  and  feed  on 
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the  droplets  of  honey-dew,  or  saccharine  excrement 
which  they  give  off  when  their  backs  are  properly 
titillated.  So  greedy  are  the  Silvanids  for  this  nectar 
that  I  have  seen  a  beetle  or  a  larva  stroke  a  mealy-bug 
for  an  hour  or  longer,  and  receive  and  swallow  a  drink 
every  few  minutes.  When  two  or  more  beetles  or  two 
or  more  larvæ  or  a  group  of  beetles  and  larvae  happen 
to  be  engaged  in  stroking  the  same  mealy-bug,  they 
stand  around  it  like  so  many  pigs  around  a  trough,  and 
the  larger  or  stronger  individual  keeps  butting  the  others 
away  with  its  head.  The  butted  individuals,  however, 
persistently  return  and  renew  their  stroking  till  the 
knocks  become  too  severe  or  the  stronger  individual 
departs  and  begins  to  stroke  another  mealy-bug.  Thus 
the  beetles  and  their  progeny  have  discovered  a  rich 
food  supply  consisting  in  part  of  the  proteid-containing 
tissues  of  the  Tachigalia  and  in  part  of  the  sugar  and 
water  discharged  by  the  mealy-bugs,  which  in  turn 
imbibe  the  sap  of  the  tree.  The  beetles  lay  their  eggs 
at  intervals,  so  that  larvae  in  all  stages  are  found  in  the 
same  colony.  When  mature  each  larva  constructs  a 
cocoon  of  minute  particles  bitten  out  of  the  plant  tissues, 
creeps  into  it,  closes  the  opening  from  the  inside  and 
pupates.  When  the  young  beetles  emerge  they  remain 
with  their  parents  and  soon  begin  to  lay  eggs,  so  that 
eventually  the  colony  consists  of  several  dozen  beetles, 
larvae,  pupae  and  mealy-bugs  in  all  stages  and  all  hving 
peacefully  together,  except  for  the  little  family  bickerings 
of  the  beetles  and  larvae  over  the  milking  of  their  patient, 
snow-white  cattle.  When  the  petiole  becomes  too 
crowded,  pairs  of  young  beetles  leave  it,  enter  other  petioles 
of  the  same  or  other  Tachigalia  trees  and  start  new 
colonies.  As  the  tree  grows  and  emerges  from  the  under¬ 
growth  into  the  sunlight,  the  ants,  which  then  take 
complete  possession  of  it,  oust  the  beetles  from  the  petiolar 
cavities  but  adopt  their  mealy-bugs  just  as  the  invading 
German  army  appropriated  the  French  cattle.  The 
foregoing  account  applies  to  Coccidotrophus  socialis, 
but  the  much  rarer  Eunausibius  has  very  similar  habits. 
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More  recently  Dr.  W.  M.  Mann  has  discovered  a  second 
species  of  Coccidotrophus  (C.  cordice  Barber),  which  lives 
in  essentially  the  same  manner,  and  with  the  same 
mealy-bugs  in  the  cauline  swellings  of  another  myrme- 
cophyte,  Cordia  alliodora,  in  Bolivia. 

It  has  taken  me  so  long  to  answer  the  first  of  the  four 
questions  which  I  propounded  at  the  beginning  of  this 
lecture  that  I  shall  have  to  be  very  brief  in  my  answers 
to  the  three  others.  Our  second  question  was  :  Can  the 
social  insects  be  shown  to  have  had  an  evolution  ?  I 
take  it  that  we  all  aeeept  the  theory  of  evolution  at  least 
in  the  sense  of  "  transformism  ”,  and  that  we  should 
all  take  an  affirmative  answer  to  the  question  for  granted. 
Moreover,  this  whole  eourse  of  lectures  will,  I  hope, 
corroborate  and  give  more  definite  outlines  to  this  belief. 
At  the  same  time,  it  must  be  admitted  that  our  very 
meagre  knowledge  of  the  various  groups  to  which  most 
of  the  subsocial  insects  belong  makes  it  impracticable 
at  present  to  give  any  account  of  their  evolution.  They 
are  mostly  tropical  and  are  either  imperfectly  known 
or  isolated  and  sporadic  representatives  of  larger  groups, 
which  have  never  been  subjected  to  extensive  com¬ 
parative  ethological  study,  so  that  we  are  unable  to 
construct  the  probable  course  of  their  phylogenetic 
development.  For  example,  the  beetles  above  described 
belong  to  the  Coleopterous  family  Silvanidae,  most 
species  of  which  have  very  simple,  nonsocial  habits, 
but  if  we  knew  the  tropical  species  most  closely  allied 
to  Coccidotrophus  and  Eunausibius  we  might  be  able 
to  throw  some  light  on  their  peculiar  behaviour.  We  are 
in  the  same  predicament  in  regard  to  the  Ipidæ  (Scoly- 
tidæ),  Platypodidae,  etc.  Owing  to  this  dearth  of  data 
we  shall  have  to  confine  ourselves  to  the  evolution  of  the 
truly  social  groups,  which  belong  exclusively  to  the 
Aculeate  Hymenoptera  and  the  Isoptera.  Fortun¬ 
ately  they  have  been  studied  so  intensively  and  exten¬ 
sively  and  by  so  many  investigators  that  we  can  draw 
on  a  very  considerable  body  of  accurate  observations 
and  experiments. 
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Subsequent  lectures  should  also  answer  the  first  part 
of  the  third  question,  i.e.,  as  to  the  evolutionary  peculi¬ 
arities  of  the  social  insects,  but  the  second  part,  concern¬ 
ing  the  methods  to  be  employed  in  elucidating  their 
evolution  may  be  briefly  discussed  in  this  place.  We  are, 
of  course,  concerned  with  the  phylogeny  of  insects 
characterized  by  a  peculiar  type  of  behaviour,  and  as 
there  is  no  such  thing  as  fossil  behaviour  we  can  only 
infer  its  presence  or  absence  from  the  morphological 
structure  and  correlated  behaviour  of  the  species  hving 
at  the  present  time.  We  are  compelled,  therefore,  to 
proceed  historically.  Of  late  there  has  been  considerable 
discussion,  especially  in  Germany,  as  to  the  precise 
relations  of  biology  to  history  and  of  history  to  philosophy, 
and  what  most  of  us  older  investigators  have  long  known 
seems  now  to  be  acceded,  namely  that  biology  in  the 
broad  sense  and  including  anthropology  and  psychology 
is  pecuhar  in  being  both  a  natural  science  and  a  depart¬ 
ment  of  history  (phylogeny).^  But  from  the  stand¬ 
point  of  the  biologist  pure  sangue,  who  regards  his 
science  as  nothing  but  a  continuation  of  physics  and 
chemistry  and  therefore  capable  of  development  solely 
by  direct  observation,  experimentation  and  mathe¬ 
matics,  the  student  of  phylogeny  or  of  the  historical 
aspect  of  organisms  is  in  an  unfortunate  position.  He 
cannot  observe  or  subject  to  experiment  the  functioning 
and  behaviour  of  extinct  forms  so  that  all  his  attempts 
to  reconstruct  the  living  past  of  animals  and  plants 
must  be  more  or  less  indirect,  inferential  and  problem¬ 
atical.  He  cannot  even  adopt  the  methods  of  the 
archæologist  because,  except  in  extremely  rare  instances, 
there  remain  no  objects  constructed  by  extinct  animals. 
The  only  examples  that  occur  to  me  are  the  fossil  nests 
of  Eumenine  wasps  described  by  Handlirsch  (1910) 
from  the  Upper  Oligocène  of  Florsheim  and  the  hiUs 
of  the  larger  Attine  ants  which  Branner  (1900)  beheves 


’  See  especially  the  erudite  works  of  H.  Rickert  (iq2i).  Kroner 
(1913,  1919),  Mehlis  (1915),  Diirkcn  and  Salfeld  (1921),  Schaxel  (1922) 
and  A.  Meyer  (1923,  1926). 


INSECT  SOCIETIES 


21 


to  have  persisted  in  some  cases  through  geological 
epochs.  If  I  may  be  permitted  to  use  the  language 
of  present-day  psycho-analysts,  the  student  of  phylogeny 
can  only  compensate  for  his  inferior  position  as  com¬ 
pared  with  that  of  the  experimental  and  statistical 
biologist  by  exhausting  and  even  overworking  the 
meagre  methodological  resources  at  his  command. 
These  resources,  which  are  certainly  less  hmited  in 
entomology  than  in  many  other  fields,  comprise  the 
following  : 

(1)  The  paleontological  data.  These  are  numerous 

and  have  been  of  late  critically  reviewed  and 
greatly  increased  by  competent  entomolog¬ 
ists  famihar  with  the  allied  living  species. 
And  although  the  record  from  certain  geo¬ 
logical  periods  is  deplorably  meagre,  enough 
forms  have  been  preserved  to  present  a 
consistent  picture  of  the  evolution  of  most 
of  the  orders  and  of  many  of  the  famihes  of 
the  winged  insects  (Pterygogenea) .  These 
data  constitute,  of  course,  the  most  precious 
sources  for  the  student  of  phylogeny. 

(2)  The  comparative  morphology,  i.e.,  the  com¬ 

parative  anatomy  and  ontogeny  of  existing 
insects. 

(3)  The  vast  accumulation  of  codified  and  classified 

data  of  taxonomy,  or  biotaxy,  based  very 
largely  on  the  external  morphology  of  existing 
species. 

(4)  The  data  of  the  geographical  distribution,  or 

biogeography  of  existing  and  fossil  species. 

(5)  The  comparative  ethology,  or  behaviour  of 

existing  forms.' 

‘  Schaxel  (1922)  has  recently  published  a  sev'crc  indictment  of 
phylogeny.  His  discussion,  however,  reveal?  a  singularly  inadequate 
acquaintance  with  the  actual  technique  of  the  subject,  as  A.  Meyer 
has  shown  (1920). 
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In  lectures  like  those  I  am  attempting,  certain  of 
these  data  are  easily  presented,  especially  portions  of  the 
fossil  record  and  comparative  morphology  of  existing 
forms,  but  the  innumerable  intricate  taxonomic  and 
biogeographic  data,  which  as  evidence  acquire  their  full 
force  and  significance  very  largely  from  their  accumulated 
mass,  cannot  be  satisfactorily  presented  even  to  an 
audience  of  biologists.  Evaluation  of  these  data 
is  possible  only  to  the  entomological  speciahst,  so  that 
an  attempt  to  cite  a  great  array  of  generic  and  specific 
names  before  an  audience  that  has  never  handled  nor 
even  seen  the  designated  insects  would  under  the  most 
favourable  circumstances  induce  slumber,  and  under 
the  most  unfavourable  actual  coma.  I  fear  that  I  shall 
not  be  able  to  avoid  a  considerable  amount  of  this 
soporific  material.  There  are  also  certain  unfortunate 
conditions  attending  the  presentation  of  ethological 
matters.  Although  they  are  fascinating,  they  have  a 
subordinate  value  at  present,  since  notwithstanding  our 
ability  frequently  to  infer  the  physiological  function  of 
an  organ  from  its  structure,  we  tread  on  very  insecure 
ground  when  we  attempt  to  infer  behaviour,  which 
involves  the  organism  as  a  whole,  from  its  morphological 
components.  Moreover,  ethological  facts,  especially 
in  such  highly  specialized  forms  as  the  social  insects, 
require  so  many  words  for  their  adequate  description 
that  they  are  not  very  well  suited  for  presentation  in 
lecture  form. 

Our  fourth  question  was  concerned  with  the  general 
causes  or  conditions  of  evolution  in  the  social  insects, 
with  the  aetiology  of  the  process,  as  Huxley  would  have 
called  it,  and  naturally  resolves  itself  into  a  number  of 
intricate  problems.  Several  of  these  will  occupy  us  in 
subsequent  lectures.  Obviously  the  evolution  of  the 
social  insects  cannot  be  treated  without  reference  to  the 
problems  of  organic  evolution  in  general,  but  problems 
of  more  special  interest  are  suggested  by  the  unique 
behaviour  of  the  insects  as  social  organisms.  They  are 
undoubtedly  descended  from  sohtary  forms  which  acquired 
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their  fundamental  structural  and  behaviouristic  characters 
in  response  to  an  environment  hke  that  of  other  non¬ 
social  insects.  But  the  development  of  permanent 
social  hving  has  created  a  new  and  extraordinary  environ¬ 
ment,  continuous  multi-millenial  response  to  which  has 
produced  certain  new  characters  that  have  come  to 
modify,  overlay  and  sometimes  to  mask  the  original 
inherited  physiological,  behaviouristic  and  even  the 
morphological,  pre-social  endowment.  Social  life,  as 
might  easily  be  shown  did  time  permit,  must  profoundly 
influence .  the  very  fundamental  organic  activities  of 
reproduction,  nutrition  and  protection,  for  all  of  these 
have  to  be  regulated  in  a  very  different  manner  in  a  social 
as  compared  with  a  non-social  species.  Doubts  are 
sometimes  expressed  as  to  whether  the  human  individual 
shows  any  inherited  effects  of  social  living,  since  even 
language  has  to  be  learned  anew  by  every  child.  But 
human  society  is  a  very  recent  affair  compared  with  the 
most  recent  insect  societies.  In  the  latter  there  can  be 
no  question  that  the  effects  of  social  activities  have 
become  hereditary,  that  many  of  their  instinctive, 
physiological  and  structural  pecuharities  have  acquired 
some  kind  of  a  representation  in  the  germ-plasm.  It 
will  be  advisable,  therefore,  in  tracing  the  evolution  of 
the  various  social  insects  in  subsequent  lectures  to 
enter  upon  a  more  detailed  description  of  these  socially 
induced  pecuharities. 

Another  more  general  problem  is  suggested  by  the 
insect  society,  or  colony  as  a  whole,  which  as  I  have 
shown  in  another  place  (1911)  is  so  strikingly  analogous 
to  the  Metazoan  body  regarded  as  a  colony  of  cells,  or 
indeed  to  any  hving  organism  as  a  whole,  that  the  same 
very  general  laws  must  be  involved.  But  the  biologist, 
with  his  present  methods  is  powerless  to  offer  any  solution 
of  the  hving  organism  as  a  whole.  He  cannot  appeal  to 
the  entelechy  or  élan  vital  however  suggestive  and 
emotionaUy  satisfying  such  agencies  may  be  to  the 
philosophers,  nor  does  it  help  him  to  be  told  that  a 
swarm  of  bees  or  a  colony  of  ants  or  termites  has  a 
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“  superentelechy  ”,  ”  une  âme  de  la  ruche  ”,  or  spirit  of  the 
hive,  to  use  the  terms  of  Réaumur  and  Maeterlinck, 
conceived  as  controlling  the  entelecliies  of  the  various 
individuals.  This  is  merely  another  photograph,  and 
a  very  dim  and  elusive  one  at  that,  of  the  problem. 
We  can  only  regard  the  organismal  character  of  the 
colony  as  a  whole  as  an  expression  of  the  fact  that  it  is 
not  equivalent  to  the  sum  of  its  individuals  but  represents 
a  different  and  at  present  inexplicable  ”  emergent 
level  ”  in  the  sense  of  Alexander  (1920),  Sellars  (1922), 
C.  Lloyd  Morgan  (1923),  Parker  (1924),  Wheeler  (1926), 
Smuts  (1926)  and  others. 

In  conclusion,  I  may  enumerate  very  briefly  the 
subjects  of  the  subsequent  lectures,  which  are  restricted 
to  the  truly  social  insects  belonging,  as  we  have  seen, 
exclusively  to  a  single  large  division  of  the  Hymenoptera, 
the  Aculeata,  and  the  order  Isoptera,  or  termites. 
In  the  second  lecture,  I  shall  attempt  to  deal  with  the 
general  phylogeny  of  the  Aculeata,  in  the  third  to  sixth 
lectures,  with  the  more  special  evolutions  of  the  wasps, 
bees,  ants,  and  termites.  The  seventh  and  eighth  will 
be  devoted  to  the  problem  of  polymorphism,  or  pleo- 
morphism,  a  phenomenon  which  has  resulted  from  the 
incisive  division  of  labour  incidental  to  social  Ufe.  In 
the  ninth  I  propose  to  discuss  the  reciprocal  activities 
or  intercommunication  of  stimuli  and  food  (trophallaxis) 
among  the  social  individuals  and  in  the  tenth  and  eleventh 
lectures  the  various  types  of  parasitism  that  have 
developed  out  of  this  reciprocity,  both  among  the  social 
insects  themselves  and  between  them  and  ahen  insects. 
In  the  conchiding  lecture  I  shall  indicate  the  probable 
course  of  future  development  in  insect  societies  or  their 
fate  on  a  planet,  the  natural  balance  of  whose  faunas  and 
floras  is  being  rapidly  disturbed  by  a  much  younger 
and  more  powerful  social  animal — man. 


II 


THE  ORIGIN  OF  THE  TEREBRANTIA  AND 

ACULEATA 

W  ITH  the  single  exception  of  the  termites,  all  the  groups 
of  really  social  insects  recognized  in  the  preceding  lecture, 
are  confined  not  only  to  a  single  order,  the  Hymenoptera, 
but  also  to  a  single  sub-order,  the  Aculeata.  And  since 
these  social  organisms  have  undoubtedly  arisen  from 
sohtary  species  still  represented  by  more  or  less  closely 
allied  forms  in  the  existing  fauna,  we  are  confronted 
with  the  problem  of  the  phylogenetic  origin  of  the  order 
Hymenoptera  as  a  whole  and  of  the  Aculeata  and  each 
of  its  eleven  social  types  in  particular.  So  much 
interesting  material  bearing  on  this  problem  has  been 
accumulating  during  recent  years  that  even  for  its  brief 
consideration  this  and  the  three  following  lectures  wiU 
be  required.  We  may  perhaps  reach  nothing  more 
conclusive  or  satisfactory  than  has  resulted  from  other 
similar  phylogenetic  disquisitions  but  we  shall  encounter 
many  singular  and  suggestive  phenomena  which,  I 
trust,  will  lose  none  of  their  intrinsic  value  by  being 
interpreted  as  representing  significant  stages  in  a  very 
long  and  complicated  evolutionary  process.  I  believe, 
moreover,  that  such  a  review  as  the  one  I  am  undertaking 
is  really  necessary  for  the  purpose  of  discriminating 
between  the  ancient  morphological  and  behaviouristic 
characters,  which  the  social  insects  still  retain  as  a 
heritage  from  their  solitary  ancestors,  and  those  which 
they  have  more  recently  acquired  in  response  to  their 
peculiar  communal  environment. 

The  Hymenoptera  are  a  singular  and  sharply  char¬ 
acterized  order  of  immense  extent.  According  to 
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Handlirsch  70,000  species  have  already  been  described 
and  the  number  of  existing  species  has  been  estimated 
at  about  200,000.  There  are  nearly  100  families  em¬ 
bracing  many  hundred  genera.  The  order  is,  therefore, 
next  to  the  Coleoptera,  the  largest  in  the  class  Hexapoda. 
That  such  an  order  should  have  been  very  unevenly 
investigated  notwithstanding  the  host  of  talented 
entomologists  who  for  more  than  a  century  have  devoted 
their  lives  to  the  task,  will  astonish  no  one  who  realizes 
its  magnitude,  intricacy  and  difficulty. 

It  did  not  escape  that  remarkable  taxonomie  genius, 
Latreille,  that  the  order  Hymenoptera  may  be  most 
naturally  divided  into  three  sub-orders,  which  he  called 
Phytophaga,  Terebrantia  and  Aculeata,  the  first  com¬ 
prising  the  saw-flies  and  horntails,  the  second  the  parasitic 
and  gall-producing  species  and  the  third  the  wasps,  bees 
and  ants.  In  their  essential  outhnes  these  groups  have 
been  retained  down  to  the  present  day,  though  masked 
by  the  introduction  of  new  names  and  an  increasing 
and  well-founded  conviction  that  the  Terebrantia  and 
Aculeata  are  really  much  more  closely  related  to  each 
other  than  is  either  to  the  Phytophaga.  Other  ento¬ 
mologists  have  called  this  latter  sub-order  Sessiliventres, 
Symphyta,  or  Chalastogastra  and  have  used  the  terms 
Petioliventres,  Apocrita,  or  Chstogastra  for  the  Tere¬ 
brantia  plus  the  Aculeata.  Handlirsch  (1924),  in 
Schroders  “  Handbuch  der  Entomologie  ”  is,  I  beheve 
to  be  commended  for  having  recently  returned  to  the 
Latreillean  trinary  division  and  terminology.  The 
Austrian  entomologist,  however,  has  added  a  fourth 
sub-order,  the  “  Pelecinoidea  ”,  for  the  single  American 
genus  Pelecinus,  which  has  always  been  regarded 
merely  as  an  aberrant  Terebrant.  This  is  not  so  com¬ 
mendable,  and  the  same  may  be  said  of  Rohwer’s 
(1917)  and  Bradley’s  (Comstock,  1924)  recent  attempt 
to  make  a  sub-order  ”  Idiogastra  ”  out  of  the  old  family 
Oryssidæ,  which  obviously  belongs  among  the  Phyto¬ 
phaga.  Certain  famiUes  of  anomalous  character,  com¬ 
prising  the  Trigonalidæ,  Chrysididæ,  Cleptidæ,  Bethylidæ 
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and  Rhopalosomatidæ,  have  been  shifted  back  and  forth 
between  the  Terebrantia  and  Aculeata.  All  authors 
agree  that  the  three  sub-orders  are  to  be  arranged  in 
an  ascending  series,  the  Phytophaga  being  in  structure 
and  habits  the  most  primitive  and  most  nearly  ancestral, 
the  Aculeata  the  most  recent  and  most  highly  specialized 
group. 

Let  us  leave  for  the  moment  the  interrelationships  of 
the  three  sub-orders  and  turn  to  the  question  of  the 
phylogenetic  origin  of  the  Hymenoptera  as  a  natural 
group.  Till  very  recently  the  position  of  this  order,  as 
determined  by  the  morphology  of  the  species  and  dearth 
of  significant  fossil  material  has  been  one  of  isolation 
among  the  other  orders.  While  most  of  the  latter  could 
be  traced  back  through  the  paleontological  record  with 
more  or  less  probability  either  to  Palæodictyopteroid 
or  to  Protoblattoid  ancestors,  the  Hymenoptera  were 
left  hanging  in  a  void.  The  older  entomologists  and 
Ashmead  (1896)  more  recently  were  inclined  to  ally 
the  Hymenoptera  with  the  other  higher  Metabola 
(Lepidoptera,  Diptera,  etc.),  but  Handlirsch  (1908) 
in  his  great  work  on  the  fossil  insects  endeavoured  to 
derive  them  from  the  Protoblattoids  and  placed  them 
next  to  the  Coleoptera,  which  were  supposed  to  have 
had  a  similar  ancestry.  His  arguments,  however,  have 
not  been  generally  accepted.  He  reviewed  all  the  fossil 
evidence,  which  consisted  of  some  fifteen  species  of 
Pseudosirex  from  the  Jurassic  (Malm  of  Solenhofen 
Bavaria  and  Lower  Purbeck  of  England),  a  single 
Terebrant  {Ephialtites  jurassiens  Meunier)  from  the 
Malm  of  Cataluna,  Spain  and  a  great  number  of  species 
of  the  most  various  families  from  the  Tertiary  of  Europe 
and  North  America.  The  species  of  Pseudosirex  are 
very  similar  to  recent  Siricidæ  and  are  merely  interesting 
as  showing  the  great  antiquity  of  this  already  highly 
specialized  family  of  wood-boring  Phytophaga.  The 
Ephialtites  is  undoubtedly  a  true  Terebrant,  but  is  so 
poorly  preserved  that  it  might  be  referred  to  any  one  of 
several  existing  families.  Handlirsch  regarded  it  as  an 
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Ichneumonid,  but  Professor  C.  T.  Brues  has  suggested 
to  me  that  it  is  more  probably  a  Chalcidid  (Callimome  ?) 
or  a  Braconid.  In  1925,  Martynov  described  four 
Hymenoptera  from  the  Jurassic  beds  of  Turkestan,  viz., 
Anexyela  gracilis,  a  saw-fly,  Paroryssus  extensus,  the 
type  of  an  extinct  family  (Paroryssidæ)  related  to  the 
Oryssidae,  Mesaulacinus  oviformis,  an  Aulacid,  and 
Mesohelorus  muchini,  a  Helorid  Proctotrypoid  of  very 
modern  aspect.  These  forms  show  a  high  develop¬ 
ment  of  the  Phytophaga  and  Terebrantia  at  a  period 
long  antedating  the  Tertiary,  but  they  furnish  no  clue 
to  the  derivation  of  the  Hymenoptera  from  more 
primitive  insects. 

TiUyard  in  his  important  papers  on  the  Panorpoid 
complex  (1918)  dissents  from  Handhrsch’s  views  and  is 
inchned  to  derive  the  Hymenoptera  from  Mecopteroid 
forms.  This  is  clear  from  the  following  statement  :  “  My 
own  researches  upon  the  Neuropteroidea  and  Panorpoidea, 
as  far  as  they  have  gone,  have  convinced  me  that  these 
two  sub-classes  have  a  great  deal  in  common.  They 
have  also  revealed  the  possibility  of  the  Hymenoptera 
and  even  the  Coleoptera  having  a  closer  relationship  with 
the  Panorpoidea  than  is  generally  suspected.  Not 
only  do  many  signs  point  to  the  Mecoptera  (Panorpatæ) 
as  being  a  central  Order  round  which  aU  the  rest  of  the 
Holometabola  may  be  more  or  less  closely  grouped, 
but  the  Paleontological  evidence  also  points  unmistak¬ 
ably  in  the  same  direction  ”.  He  also  calls  attention 
to  the  fact  that  fossil  Mecoptera  “  of  the  genus  Permo- 
chorista  very  near  the  existing  Austrahan  genus 
Tæniochorista  exist  in  the  Permian  of  New  Castle,  New 
South  Wales.  No  other  holometabolous  insects  are 
known  from  Palæozoic  strata.  The  other  Mecoptera 
must  have  arisen  well  before  Permian  times.” 

Some  light  has  now  been  shed  on  the  probable  origin 
of  the  Hymenoptera  by  Tillyard’s  recent  studies  (1924) 
of  the  Permian  fossils  collected  by  Yale  University  in  the 
Welhngton  Shale,  near  Elmo,  Kansas.  Some  4,000 
specimens  of  insects  have  been  taken  from  this  soft 
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'ic;.  2.  Peniiobyiiieii  sehucherti  'I'illvarJ,  complete  specimen  as  preser\ed  in  the 
Lower  I’ermiati  Heds  of  Kansas.  Lenuth  ot  iorew  intr,  sliethrlv  o\  er  halt-an- 
inch.  (,\ftcr  R.  |.  'rillyard.) 


I  k;.  V  Priil'.ih'i'iiien  jieniiidmis  I'llKaixl,  complete  torew  inu,  mnch  enlareted,  trom  a 
s]->ccimen  found  in  the  l.ower  IVrmian  Reds  of  Kansas,  (.\lter  R.  I.  I  ilKarel.) 
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argillaceous  limestone  which  represents  the  deposit 
of  a  marly  fresh-water  lake  (Dunbar,  1924,  Tillyard 
1924/^  19266).  Though  the  specimens  consist  very 

largely  of  wings,  they  are  often  so  well  preserved  that 
even  the  colour-pattern  is  visible.  Among  the  material, 
which  has  thus  far  yielded  a  new  order,  Protodermaptera, 
a  peculiar  Palæodictyopteron,  Dunharia  fasciatipennis 
Tilly,  many  Ephemerids,  small  cockroaches,  large 
Protodonata  and  true  Odonata,  Tillyard  has  discovered 
the  wings  of  three  species  and  genera  of  a  new  order 
which  he  calls  the  Protohymenoptera.  The  three  species. 
Protohymen  permianus  (Fig.  3),  Permohymen  schucherti 
(Fig.  2)  and  Asthciiohymen  dunbari,  are  assigned  to  two 
sub-families.  More  recently,  Tillyard  (1926a)  has  pub¬ 
lished  further  observations  on  these  insects,  including 
a  description  of  some  fragments  of  the  head  and  thorax 
of  P.  schneherti  and  the  wings  of  six  additional  species 
of  Asthenohymen.  Protohymen  is  the  most  primitive 
form,  with  a  wing-venation  readily  comparable  with  that 
of  the  Xyelidæ  and  Siricidae  among  existing  Phytophaga, 
and  resembling  that  of  the  Mecoptera  and  Neuroptera 
but  without  affinities  to  the  Protoblattoids,  or  primitive 
cockroaches.  The  two  pairs  of  wings  are  much  alike 
and  without  tornus  or  termen,  the  posterior  wings 
being  but  slightly  shorter  and  broader  than  the  anterior 
pair  and  not  connected  with  them  in  flight.  The  wing- 
membrane  is  stiff  and  glassy  as  in  existing  Hymenoptera. 
Protohymen  and  Permohymen  have  a  distinct  pterostigma 
but  this  structure  is  lacking  in  Asthenohymen.  The 
wings  described  by  Tillyard,  therefore,  seem  to  be  so 
clearly  intermediate  between  those  of  the  Mecoptera 
and  present-day  Hymenoptera  that  Handlirsch’s 
hypothesis  of  a  Protoblattoid  origin  of  the  latter  order 
will  have  to  be  abandoned  and  we  shall  have  to  assign 
it  a  place  at  the  head  of  the  Hexapod  series  among  the 
modern  members  of  the  Panorpoid  complex,  the  Lepi- 
doptera,  Diptera  and  Mecoptera  (Panorpatæ).  This 
assignment  would  also  agree  better  with  the  facts  of 
ontogeny  and  avoid  Handlirsch’s  awkward  postulation 
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of  an  independent  development  of  complete  meta¬ 
morphosis  in  the  Hymenoptera. 

Returning  now  to  the  evolutionary  process  within  the 
Hymenopteran  order,  we  may  profitably  confine  our 
remarks  to  a  very  brief  account  of  the  three  sub-orders 
and  their  interrelations.  Handlirsch  is  undoubtedly 
right  in  stating  that  the  existing  forms  are  all  so  highly 
specialized  in  particular  directions  that  phylogenetic 
derivations  become  very  speculative.  The  first  group 
to  be  considered,  the  Phytophaga,  or  Symphyta,  is, 
as  previously  stated,  unanimously  regarded  as  the  most 
primitive.  Similar  agreement  prevails  in  regard  to  the 
relationships  of  the  families  within  this  sub-order. 
Thus  the  leaf-eating  Pamphihidæ  and  Xyehdæ  may  be 
properly  regarded  as  the  most  ancient  not  only  of  all 
existing  Phytophaga  but  of  all  existing  Hymenoptera. 
From  the  Xyelidæ,  one  series  of  developments  seems 
to  have  led  to  the  Tenthredinidae  and  Cimbicidæ,  another 
from  the  Pamphihidæ  to  the  wood-eating  Siricidæ, 
Xiphydriidæ  and  Cephidæ  and  to  the  pecuhar  family 
Oryssidæ,  which  appears  to  be  an  offshoot  from  the 
Siricidæ.  This  course  of  development,  shown  in  the 
accompanying  table  of  Yuasa  (1922),  is  supported  by 
the  study  of  both  adults  and  larvæ.  The  larvæ  of  the 
Pamphihidæ  are  regarded  by  Handlirsch  as  the  most 
primitive  among  Hymenoptera.'  They  are  cylindrical, 
with  three  pairs  of  well-developed  thoracic  legs  and 
a  pair  of  cerci,  but  without  abdominal  prolegs.  Yuasa 
(1922),  however,  regards  an  eruciform  larva  wth  ten 
pairs  of  abdominal  prolegs  as  the  archetype.  This  is 
approached  by  the  Xyehdæ  and  Tenthredinidæ.  In  the 
wood-boring  Cephidæ  (Middleton  1927),  Xiphydriidæ 
and  Siricidæ  (Yuasa)  the  abdominal  prolegs  have 
disappeared  and  the  thoracic  legs  are  much  reduced. 
The  Cephid  larva,  however,  retains  eyes  and  cerci. 
FinaUy  in  the  Oryssidæ  all  the  thoracic  and  abdominal 
appendages  have  been  lost  and  the  larva  is  vermiform 

*  For  good  accounts  of  the  life-histories  of  Paniphiliids  see  H.  Schmidt 
(iqio)  and  H.  C.  Severin  (1920). 
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like  that  of  the  Tcrcbrantia.  This  condition  is  explained 
by  the  fact  that  the  larva  of  Oryssus,  as  Burke  {1917) 
has  recently  shown,  is  parasitic  on  the  larvae  of  various 
Buprestid  beetles.  (See  also  Rohwer  and  Cushman, 
1917  and  Comstock,  1924.) 


Phylogenetic  Tree  indicating  the  probable  affinities  of  the 
VARIOUS  FAMILIES  OF  THE  Tenthredinoidea.  (After  Yuasa.) 


There  appear  sporadically  among  the  Phytophaga 
certain  ethological  peculiarities  which  become  more 
strongly  accentuated  and  more  widely  distributed  among 
the  Terebrantia  and  Aculeata.  I  have  just  alluded  to 
the  parasitism  of  Oryssus,  the  only  known  case  in  the 
sub-order  and  clearly  foreshadowing  the  universal 
occurrence  of  the  phenomenon  in  the  Terebrantia. 
Though  all  Phytophaga  are  vegetarian  as  larvæ,  the 
adults  of  some  of  the  sawflies,  especially  of  the  genera, 
Tenthredo  and  Tenthrcdella  (Mrazek,  1909,  Rohwer, 
I9i3fl,  and  others)  are  decidedly  entomophagous. 
Parthenogenesis,  moreover,  a  phenomenon  of  great 
frequency  among  the  Terebrants  and  Aculeates,  seems 
to  be  well-established  in  the  Tenthredinidæ.  The 
males  of  many  species  are  much  scarcer  than  the  females. 
According  to  MacGillivray  (1914),  von  Siebold  found 
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that  the  males  of  only  one-fifth  of  the  German  species 
were  known,  and  Cameron  was  able  to  recognize  the 
males  of  only  one-third  of  the  British  species.  When 
parthenogenesis  occurs  it  is  apparently  mixed  or  indeter¬ 
minate,  since  in  some  sawflies  the  unfertilized  eggs  are 
known  to  produce  only  males  (arrhenotocous),  in  others 
only  females  (thelytocous),  and  in  still  others  both 
sexes  (ampherotocous).  So  far  as  known,  and  with  some 
exceptions,  the  unfertilized  eggs  of  Terebrants  and 
Aculeates  produce  only  males.  Gregarious  and  sub-social 
habits  are  frequent  in  the  Tenthredinidæ,  especially 
during  the  larval  and  pupal  stages,  but  for  lack  of  time 
cannot  be  adequately  treated  in  this  lecture.’ 

While  the  Clistogastra,  embracing  the  Tcrebrantia 
and  Aculeata,  are  readily  distinguished  from  the  Phyto- 
phaga  by  the  petiolate  abdomen,  more  or  less  reduced 
wing- venation,  highly  vermiform  larva  and  differences 
of  habits,  it  is  not  so  easy  to  draw  a  hard  and  fast  line 
between  the  Terebrantia  and  Aculeata.  One  of  the 
best  distinctions  hes  in  the  fact  that  the  ovipositor  in 
the  Terebrantia  has  separate  apophyses  and  is  used  for 
depositing  the  eggs  in  or  on  other  insects  or  in  plant 
tissues  whereas  in  the  Aculeata  it  has  the  apophyses 
fused  and  is  modified  to  form  a  sting  which  is  used  as  an 
organ  of  attack  or  defence  and  not  for  oviposition. 
There  are  exceptions,  however,  since  the  Sapygidæ, 
which  are  placed  among  the  Aculeata,  use  the  ovipositor 
like  the  Terebrants,  and  the  Trigonalidæ,  which  are 
assigned  by  most  hymenopterists  to  the  latter  sub¬ 
order,  have  the  ovipositor  so  greatly  reduced  that  it  can 
be  of  no  use  in  oviposition.  There  are  also  a  number 
of  Aculeata  (Chrysidiclæ,  many  ants  and  some  bees)  in 
which  the  sting  is  similarly  vestigial. 


'  For  reference.'^  to  some  of  the  literature  on  this  topic  see  my  “  Social 
T.ife  Among  the  Insects,”  1923,  p.  290-292.  The  papers  by  Curtis 
(1.S45),  h'.  Smith  (1866)  and  Duckc  (1916)  also  contain  interesting 
accounts  and  figures  of  the  social  cocoons  of  Brazilian  sawflies  of  the 
genus  Dielocerus.  d'he  singular  social  larvæ  observed  by  Mann  and 
myself  in  British  C.uiana  and  Bolivia  (Wheeler  and  Mann,  1923)  may 
also  bt'long  to  this  genus. 
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Hymenoptcrists  agree  in  regard  to  the  phylogenetic 
derivation  of  the  Clistogastra  from  primitive  Phyto- 
phaga  and  in  the  belief  that  Terebrantia  are  more 
intimately  related  to  the  Phytophaga  than  arc  the 
Aculeata,  but  disagree  as  to  which  family  of  Terebrantia 
is  the  most  primitive  and  as  to  whether  the  Aculeata 
arose  from  Terebrantia  or  had  an  independent  origin 
among  the  Phytophaga.  Handlirsch  (1908)  regarded 
the  Ichnenmonidæ  as  the  most  primitive  gronp  of  Tere¬ 
brantia  and  as  having  given  rise  to  the  Aculeata.  Brues 
(1921)  rejects  this  view  so  far  as  it  concerns  the  origin 
of  the  Terebrants  and  regards  the  Stephanidæ  as  the 
family  which  links  up  most  naturally  with  the  Phyto¬ 
phaga.  He  says  :  “  The  Stephanidæ  are  structurally 

primitive  and  strikingly  like  the  Oryssidæ  in  the  peculiarly 
horned  head  which  had  been  remarked  on  before  the 
habits  of  the  Oryssids  were  known.  On  account  of  the 
presence  of  a  costal  cell  in  the  wing,  the  polymorphic 
family  Evaniidæ  is  necessarily  also  more  primitive  than 
the  Ichneumonidæ  or  Braconidæ  and  although  one 
sub-family,  the  Fœninæ,  resemble  the  Stephanidæ, 
as  has  been  already  noted  by  Bradley.  Some  Braconidæ, 
the  Stephaniscinæ,  Spathiinæ  and  Hormiinæ,  are  much 
like  Stephanids,  so  much  so  that  it  is  difficult  to  believe 
that  they  are  not  directly  derived  from  them.  One 
other  family,  the  Capitoniidæ,  recently  segregated  from 
the  Braconidæ,  appears  to  be  very  definitely  related 
to  the  more  generalized  Evaniidæ  (Aulacinæ).  Omit¬ 
ting  in  this  brief  consideration  several  less  pertinent 
famihes,  and  ignoring  other  recently  segregated  ones, 
we  have  left  only  the  Ichneumonidæ,  related  possibly 
through  the  Alysiidæ  to  the  Braconidæ.  Structurally 
this  relation  seems  plausible,  but  as  the  Alysiids  attack 
almost  exclusively  the  highly  speciahzed  Diptera  it  is 
very  difficult  to  regard  them  as  closely  related  to  the 
ancestors  of  the  Ichneumonidæ,  so  highly  diversified 
in  habits  and  structiire.  The  latter  then  are  not  so 
easily  derived  and  may  go  back  to  Evaniid-like  forms  ”. 
Brues  also  points  out  the  singular  association  of  the 
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primitive  Terebrant  families  with  wood-boring  insects. 
This  was  seen  in  the  Oryssidae  among  the  Phytophaga 
and  is  conspicuous  in  the  most  generalized  group  of 
Evaniidæ,  the  most  primitive  Braconidae,  many  of  the 
structurally  primitive  Ichneumonidae  and  the  Capitoniidae. 

With  the  exception  of  the  Jurassic  Mesaulacinus, 
Mesohelorus  and  Ephialtites  previously  mentioned,  all 
the  known  fossil  Terebrantia  are  of  Tertiary  age.  There 
are  few  species  known  from  the  Eocene,  but  many, 
representing  numerous  genera  and  families  have  been 
recorded  from  the  Baltic  Amber  of  Lower  Oligocène  age 
and  from  the  shales  of  Oeningen,  Radoboj  and  Florissant, 
which  are  assigned  to  the  Miocene.  The  amber  and 
Florissant  fossils  were  critically  studied  by  Brues  in  a 
series  of  papers  (1906,  1908a,  1910a,  19106,  19236). 
His  list  of  the  known  Teritiary  Terebrantia  published 
in  1910  comprises  212  species  distributed  among  loi 
genera  and  twenty-one  families,  a  sufficient  amount  of 
material  to  give  a  fair  picture  of  the  extent  and  diversity 
of  the  sub-order  during  early  and  mid-tertiary  times. 
Although  the  species  all  differ  from  those  now  living, 
they  nevertheless  belong  for  the  most  part  to  well- 
known  recent  genera,  and  all  the  known  Tertiary 
families  are  still  extant.  Some  of  the  extinct  genera, 
however,  are  peculiar  or  unique.  Kinsey  (1919)  has 
described  three  species  of  the  primitive  Cynipid  genus 
Aulacidia  from  the  Baltic  amber  and  Florissant  Miocene, 
and  Cockerell  (1915,  1916a,  19166,  1920,  1921a,  19216) 
has  described  a  number  of  other  Terebrants  from  the 
Miocene  of  Florissant,  from  the  Upper  Oligocène  of 
the  Isle  of  Wight  and  from  Burmese  amber,  and  a  few 
from  still  earlier  formations,  the  Green  River  Eocene. 
These  last  he  refers  to  two  genera  of  Ichneumonidae  and 
one  of  Braconidae.  But  all  the  Tertiary  genera  and 
species  described  up  to  the  present  time  are  quite  as 
highly  specialized  in  structure  and  were  presumably 
also  as  specialized  in  habits  as  their  living  congeners 
and  therefore  throw  no  light  on  the  phylogeny  of 
existing  Terebrant  and  Aculeate  families. 
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Since,  with  the  exception  of  the  gall-flies  (Cynipidae) 
and  certain  plant-infesting  Chalcidoids,  all  the  Tere- 
brantia  oviposit  on  or  in  other  insects  (Fig.  4)  and  as 
larvae  feed  on  their  tissues,  the  name  “  Parasitica  "  is 
often  applied  to  the  sub-order.  The  matter  calls  for 
brief  consideration,  because  it  has  often  been  pointed 
out  that  the  word  “  parasite  ”,  as  applied  to  the  Tere- 
brants,  to  many  Diptera  and  to  some  other  insects  which 
have  similar  habits,  is  inappropriate.  These  insects 
differ  from  parasites  properly  so  called  in  three  respects, 
First,  they  attack  other  insects  and  true  parasites 
with  the  possible  exception  of  certain  Crustacea  and 
Infusoria,  do  not  attack  members  of  their  own  phyla  ; 
second,  they  nearly  always  eventually  kill  their  hosts, 
and  third,  they  live  with  their  hosts  only  during  the 
larval  or  larval  and  pupal  stages  and  as  adults  show  no 
”  degenerative  ”  effects  of  the  association.  They  are, 
therefore,  really  refined  predators.  Attempts  have  been 
made  to  embody  these  distinctions  in  a  term.  ”  Pseudo¬ 
parasitism  ”  might  be  acceptable,  were  it  not  that  it  has 
been  used  by  Blanchard  (1889)  in  another  sense.' 
Riley,  in  1893,  clearly  recognized  the  need  of  a  different 
term  when  he  called  the  entomophagous  Hymenoptera 
and  Diptera  ”  fatal  parasites  ”,  to  distinguish  them 
from  the  ”  parasites  proper  ”  and  ”  inquilinous  parasites  ”. 
O.  M.  Reuter  (1913,  p.  53)  introduced  the  term  ”  parasi- 
toids  ”  for  these  peculiar  predators  and  I  {1923)  and 
more  recently  Root  (1924)  have  employed  this  term.  It 
is  probable,  however,  that  it  will  not  be  generally  adopted 
and  that  ”  parasite  ”  will  continue  in  vogue.  If  the 
distinction  is  clearly  understood  there  can  be  no  harm 
in  such  usage,  but  it  should  be  noted  that  it  has  naturally 
created  confusion  in  phylogenetic  discussions,  and 
particularly  in  connection  with  Handlirsch’s  derivation  of 
the  Aculeata  from  Terebrant  ancestors.  The  phylogenist 

‘  By  '  pseudoparasites  ’  we  mean  animals  or  plants  which  are 
found  accidentally  on  the  surface  or  in  the  interior  of  the  human  or 
animal  body,  whether  they  be  normally  parasites  of  other  species  or 
normally  lead  an  independent  life,” 
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is  naturally  so  convinced  of  the  high  adaptive  speciali¬ 
zation  of  all  parasites  that  he  avoids  using  them  as 
hypothetical  ancestors,  but  this  objection  does  not 
hold  in  the  present  instance,  if  we  regard  the  Tere- 
brantia  as  a  peculiar  class  of  predators,  or  parasitoids, 
especially  as  the  lower  Aculeata  have  the  same  habits. 
This  has  been  clearly  stated  by  Picard  in  his  valuable 
work  on  the  insects  of  the  fig-tree  (1919,  p.  167).  He 
says  :  “  It  is  difficult  to  see  how  the  mode  of  hfe  of  an 
externally  feeding  Terebrant  differs  from  that  of  certain 
predators,  such  as  the  Scolias.  Both  approach  their 
prey  and  without  moving  it,  attach  to  it  an  egg  which 
will  produce  a  larva  similarly  attached.  The  opinion 
of  LcpeUetier,  who  took  great  pains  to  prove  that  the 
Scolias  could  not  be  regarded  as  parasities,  no  longer 
seems  to  us  to  be  of  much  interest.  A  Polysphincta 
larva  on  a  spider  is  quite  comparable  to  that  of  the 
Pompilids  and  especially  to  those  Pompilids  which 
enter  the  nest  of  a  spider  and  oviposit  on  it  without 
dragging  it  forth  and  burying  it.  It  is  true  that 
the  predators  paralyse  their  victims,  but  the  Tere- 
brants  also  possess  a  poison  gland  and  many  of  them 
immobilize  the  larvae  which  they  attack,  at  least  feebly 
and  momentarily 

I  shall  not  be  able  to  discuss  at  length  the  many 
extraordinary  modihcations  exhibited  by  the  ontogeny 
of  the  Terebrants,  such  as  polyembryony,  which  has  been 
so  carefully  studied  within  recent  years  in  France,  Italy 
and  the  United  States.  The  more  frequent  phenomena 
of  hypermetamorphosis,  however,  call  for  a  partial 
consideration  in  connection  with  a  pecuhar  and  very 
primitive  family,  the  Trigonalidae,  concerning  the 
affinities  of  which  hymenopterists  have  shown  the 
greatest  diversity  of  opinion.  Some  (Westwood,  Ash- 
mead,  Schimedeknecht)  have  regarded  these  insects 
as  primitive  Aculeates,  while  others  (Borner,  Handlirsch, 
Bradley,  etc.)  regard  them  as  primitive  Terebrants. 
Such  different  allocations  would  imply  that  the  family 
should  be  placed  near  the  point  of  bifurcation  of  both 
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the  Terebrants  and  Acvilcates  from  the  ancient  Phyto- 
phageous  stem  of  the  Hymenopterous  order. 

W.  A.  Schnlz,  who  monographed  the  Trigonalidæ 
in  1907,  describes  the  family  as  containing  forty-two 
species,  seventeen  genera  and  five  sub-families,  dis¬ 
tributed  in  various  parts  of  the  world.  The  species, 
however,  are  all  very  rare  and  local  and  apparently  on 
the  verge  of  extinction.  They  are  rather  small,  often 
vividly  spotted  or  banded,  with  a  very  archaic  appear¬ 
ance  (Fig.  5),  showing  a  bewildering  mixture  of  Phyto¬ 
phagous,  Terebrant  and  Aculeate  traits.  The 
multiarticulate  antennæ  and  the  number  of  abdominal 
segments  are  Terebrant  but  the  head  recalls  the  saw- 
flies  and  the  general  form  of  the  body  the  Bethylidæ 
and  the  shape  of  the  abdomen  the  Mutilüdæ.  In 
some  species  (Bareogonalinæ  and  Nomadininæ)  the 
anterior  portion  of  the  head  is  prolonged  and  snout-like, 
like  that  of  the  Mecoptera.  Cerci  are  present,  but  the 
ovipositor  is  reduced  to  a  minute  vestige.  Borner  (1919) 
found  the  maxillæ  to  possess  weU-developed  paraglossal 
appendages  and  to  be  so  much  more  primitive  in  struc¬ 
ture  than  in  other  Terebrantia  that  he  created  for  the 
family  a  special  section,  the  “  Archiglossata”.  The  wing- 
venation  is  very  primitive,  and  in  usually  possessing  three 
closed  cubital  cells  is  much  like  that  of  Aculeates.  The 
tarsi  have  well-developed  plantar  vesicles,  structures 
which,  according  to  Borner,  are  lacking  in  Terebrants 
but  of  frequent  occurrence  among  Phytophaga  and 
Aculeata. 

The  habits  of  Trigonalids  are  very  imperfectly  known 
and,  as  I  shall  endeavour  to  show,  have  been  incorrectly 
interpreted.  The  insects  are  usually  seen  flying  near  the 
ground  and  ahghting  on  the  low  vegetation  in  places 
where  social  wasps  are  common.  This  and  the  following 
data  have  led  authors  to  regard  them  as  parasitic  in 
the  nests  of  Vesjflds  :  A  single  specimen  of  the  South 
American  Seminota  depressa  was  shaken  from  a  nest  of 
Polistes  canadensis  in  the  British  Museum,  and  a  spc.-cimen 
of  S.  mejicana  from  a  nest  of  Parachayter^iis  apical  is  in 
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the  Museum  of  Paris.  G.  W.  Taylor  (1898)  took  twenty- 
three  males  and  four  females  of  the  North  American 
Bareogonalos  canadensis  (Fig.  5)  resting  on  grass  and 
weeds  within  a  few  feet  of  the  entrances  to  Vespa 
occidentalis  nests,  and  inferred  that  the  parasites  must 
have  developed  in  these  structures.  Schulz  (1905) 
described  the  male  Nomadina  cisandina  from  a  specimen 
taken  by  O.  Dreher  in  a  nest  of  Polybia  dimidiata  at 
Sâo  Paulo,  Brazil.  From  these  facts  Schulz  concluded 
that  the  Trigonalids  must  enter  the  v/asp  nests  and 
oviposit  on  the  brood,  and  even  interpreted  the  pecuhar 
dilated  joints  of  the  palpi  as  special  adaptations  for 
finding  a  way  about  in  the  dark  recesses  of  the  nests. 

Two  other  observations,  however,  show  that  the 
Trigonahdæ  occasionally  have  very  different  hosts. 
As  early  as  1891,  Riley  and  Howard  bred  the  North 
American  Tapinogonalos  pulchella  from  a  puparium  of  a 
Tachnid  fly  {Exorista  loheliœ)  which  was  living  in  the 
caterpillar  of  Acronycta  lobelia,  and  in  1909,  Bischoff 
reared  a  specimen  of  the  North  American  Sycogaster 
pullata  from  the  cocoon  of  an  Ichneumonid,  Ophion 
macrurus,  which  had  parasitized  a  caterpillar  of  Telea 
polyphemus.  In  both  these  cases,  therefore,  the  Trigona¬ 
lids  were  behaving  as  hyperparasites.  Apart  from  the 
fact  that  the  pupæ  of  these  insects  are  naked,  i.e.,  not 
enclosed  in  cocoons,  the  foregoing  are  all  the  data  we 
possess  concerning  their  habits.  Bugnion  (1910)  has 
pubhshed  an  account  of  the  anatomy  of  the  European 
Pseudogonalos  hahni,  to  which  I  shall  return  presently, 
and  Cockerell  (1917)  has  described  a  fossil  Trigonalys 
{T.  pervetus)  from  the  Burmese  amber,  which  is  supposed 
to  be  of  Miocene  age. 

Now  I  beheve  that  some  light  may  be  thrown  by  a 
brief  review  of  what  is  known  of  the  development  of  the 
Terebrant  famihes  Eucharidæ  and  Perilampidæ  not 
only  on  the  Trigonalidæ  but  also  on  certain  obscure 
points  in  the  ontogenetic  development  of  the  H}'men- 
optera  in  general.  Some  eighteen  years  ago  (i905«)  I 
found  in  the  nests  of  a  Texan  ant  {Pheidole  inslabtlis) 
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a  metallic  green  Eucharid  {Orasema  viridis),  which, 
judging  from  dissections  of  the  female,  produces  an 
enormous  number  of  very  minute  eggs.  I  did  not  see 
the  eggs  after  oviposition  but  only  the  minute,  active 
first-stage  larvae  (Fig.  6a),  which  are  about  0.16  mm. 
long,  dark-coloured,  with  heavily  chitinized  dorsal 
surface,  well-developed  head,  thirteen  post-cephalic 
segments  and  a  pair  of  appendages  (cerci)  at  the  posterior 
end.  These  larvae,  which  I  subsequently  called 
“  planidia  ”,  attach  themselves  to  the  necks  of  the  ant 
larvae  and  pupae  (Fig.  6b  to  f)  and  after  feeding  and 
moulting,  pass  into  a  stage  comparable  with  the  usual, 
plump  vermiform  Hymenopteran  larva.  After  attaining 
their  full  growth  they  pupate  in  situ  (Fig.  6g),  without 
spinning  cocoons,  drop  from  the  host  and  soon  afterwards 
emerge  as  adult  Orasemas,  which  are  carried  about 
and  fed  by  the  ants  but  eventually  escape  from  the 
nest  to  the  outside  world. 

A  notable  advance  in  our  knowledge  of  the  planidium 
and  its  development  was  later  made  by  H.  S.  Smith  in 
his  studies  of  Perilampus  (1912,  1916,  1917).  In  his 
first  paper  he  showed  that  the  planidium  of  P.  hyalinus 
(Fig.  7)  is  sometimes  found  crawhng  over  the  surface 
of  small  web-worm  caterpillars  {Hyphantria  iextor)  and 
that  it  bores  its  way  into  the  caterpillar  and  does  not 
undergo  any  further  change  till  it  encounters  inside  the 
host  the  larva  of  one  of  its  common  parasites,  i.e.,  either 
the  Tachinid  VarichcBta  aldrichi  (Fig.  8)  or  the  Ichneu- 
monid  Limnerium  validum.  In  case  the  planidium 
encounters  a  Varichæta  maggot  it  enters  it,  even  if  it 
is  very  small,  and  remains  quiescent  till  the  maggot 
forms  its  puparium.  If  a  Limnerium  larva  is  encountered 
the  planidium  enters  it,  and  remains  inactive  till  the 
following  spring.  ‘‘  Varichæta  pupates  in  the  fall  so 
the  planidium  makes  its  exit  at  this  season  of  the  year 
and  hibernates  externally.  Limnerium  validum  hibern¬ 
ates  as  a  larva  and  pupates  in  the  spring,  hence  the  plani¬ 
dium  in  this  case  remains  internal  until  spring,  when 
it  emerges  by  means  of  its  efficient  mandibles  and  spined 
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head,  completing  its  development  in  precisely  the  same 
manner  as  those  individuals  which  happen  to  have  chosen 
Varichæta  as  their  host  The  further  development 
of  the  Perilampus  planidium  on  the  parasites  of  the 
web-worm  is  very  similar  to  that  of  Orasema,  since  the 
minute  parasite  after  feeding  externally  produces  a 
vermiform  larva  before  pupation  (Fig.  8^).  Thus 
Perilampus  hyalinus  behaves  as  a  superparasite.  Both 
it  and  other  species  of  the  genus  have  been  bred  from 
several  other  caterpillar  parasites,  which  are  listed  by 
Smith,  but  there  are  records  of  Perilampus  bred  from 
other  insects  (Chrysopa,  Anthonomus  grandis  and  the 
Sarcophagid  parasites  of  grasshoppers).  In  1915,  W.  R. 
Thompson  published  an  account  of  the  internal  anatomy 
of  an  unidentihed  planidium  which  he  found  on  Noctuid 
caterpillars  feeding  on  witch  hazel  {Hamamelis  virginica) 
at  Ithaca,  New  York,  and  in  1922,  Miss  Norma  Ford 
described  a  planidium  of  a  Perilampus  which  she  found 
attached  to  a  meadow  grasshopper  {Conocephalus 
fasciatus).  In  this  case  the  true  host  is  probably  the 
larva  of  a  Sarcophaga,  species  of  which  have  been  shown 
by  Swenk  (1911),  Kelley  (1914),  and  others,  to  be  parasitic 
in  grasshoppers. 

In  his  papers  of  1916  and  1917,  Smith  also  solved  the 
problem  of  the  place  in  which  the  Perilampus  female 
lays  her  eggs.  After  breeding  P.  chrysopce  from  Chrysopa 
cocoons  he  succeeded  in  observing  the  oviposition  of  the 
parasite.  The  eggs  are  laid  singly  on  the  leaves  near 
Aphis  colonies  infested  by  Chrysopa  larvae.  The  female 
deposits  about  fifty  of  her  minute  eggs  in  a  single  day. 
“  The  egg  is  very  faintly  attached  to  the  surface  of  the 
leaf  at  one  end.  Hatching  takes  place  m  seven  to  ten 
days  and  the  first  larval  stage  is  of  the  planidium  type 
described  in  the  above  mentioned  paper  (1912).  For 
several  days  previous  to  hatching  the  dark-coloured 
planidium  can  be  plainly  discerned  through  the 
transparent  egg-shell.  The  planidium  is  active  immedi¬ 
ately  upon  hatching,  crawling  rapidly  about,  but  soon 
it  attaches  itself  to  the  leaf  by  means  of  the  caudal 
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sucker  and  stands  out  at  right  angles  to  the  surface. 
In  this  position  it  remains  for  days  at  a  time,  motionless, 
excepting  when  some  insect  comes  within  its  reach, 
when  it  suddenly  becomes  frantically  active,  reaching 
and  swaying  back  and  forth  in  its  attempt  to  attach 
itself  to  the  prospective  host  (the  Chrysopa  larva). 
If  the  latter  should  unfortunately  come  too  near,  the 
planidium  attaches  itself  with  lightning-like  quickness 
to  a  hair  or  bristle  of  the  host.  It  then  leisurely  crawls 
down  the  hair  to  the  host’s  body  and  attaches  itself 
by  its  mouth  hooks.  Quite  often  the  planidia  are  found 
attached  to  the  egg-stalk  of  Chrysopa,  assuming  a 
position  at  right  angles  to  the  axis  of  the  stalk.  This 
shows  an  interesting  instinct  in  the  planidium,  since 
it  may  and  actually  does,  as  the  writer  has  observed, 
waylay  the  young  Chrysopa  larva  as  it  leaves  the  egg 
and  crawds  down  the  stalk.  The  prescience  of  the 
mother  Chrysopa  in  placing  her  eggs  at  the  end  of  a 
long  egg-stalk  to  overcome  the  cannibahstic  propensities 
of  her  progeny  is  in  this  case  their  undoing,  since  the 
planidium  attached  to  the  Chrysopa  egg-stalk  is  sure  to 
reach  its  proper  host,  while  those  upon  the  surface  of 
a  leaf  are  quite  as  likely  to  attach  themselves  to  an 
Aphid  or  other  insect  ”.  Smulyan  (1916)  has,  in  fact, 
found  a  Perilampus  planidium  attached  to  the  antenna 
of  an  Aphid.  In  tracing  the  further  development  of 
P.  chrysopa,  Smith  found  that  the  planidium  chngs  to 
the  Chrysopa  larva  without  feeding  till  the  latter  is 
ready  to  pupate,  though  it  may  be  occasionally  removed 
from  the  host  by  eedysis.  After  the  Chrysopa  larva 
has  spun  its  cocoon  and  pupated,  the  planidium  begins 
to  feed  and  develops  after  the  manner  of  P.  hyalinus 
previously  described. 

Further  interesting  and  important  observations  have 
also  been  made  within  recent  years  on  the  Eucharidae, 
which  like  Orasema  are  aU  ant-parasites.  Forel  in  1890 
found  an  adult  Eucharis  myrmecice  in  a  cocoon  of  an 
Austrahan  bulldog  ant  [Myrmecia  forficata).  More 
recently  Brues  (1919)  has  described  the  planidium  and 
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later  larval  and  pupal  stages  of  Psilogasier  fasciiventris 
taken  by  Tillyard  from  cocoons  of  another  bulldog  ant, 
Myrmecia  gulosa,  and  G.  C.  and  E.  H.  Wheeler  (1924) 
have  described  Schizaspidia  polyrhachicida  from  the 
cocoons  of  a  Philippine  ant,  Polyrhachis  {Myrmhopla) 
dives.  But  the  most  extensive  observations,  which 
go  far  towards  filling  the  gaps  in  my  observations  on 
Orasema,  have  been  made  by  Clausen  (1923)  on  Schiza¬ 
spidia  tenuicornis  (Figs.  9  and  10),  which  parasitizes 
the  common  Japanese  carpenter  ant,  Camponotus 
japonicus.  During  late  August,  S.  tenuicornis  was 
found  to  thrust  its  minute  eggs  in  masses  into  the  buds 
of  various  trees  {Morus  alba,  Castanea  saliva,  Cladrastis 
amurensis  and  florihunda)  (Fig.  loa).  The  number  of 
eggs  deposited  by  a  single  female  was  found  to  range  from 
940  to  1230,  with  an  average  of  1050.  Several  females 
often  ovipost  in  a  single  bud  and  so  many  buds  may 
be  utihzed  that  a  single  shrub  was  estimated  to  bear 
4,320,000  eggs  !  There  is  a  great  mortahty  among  the 
eggs,  owing  to  an  eventual  faUing  away  of  the  bud- 
scales  and  exposure  of  the  eggs  to  humidity,  mould, 
etc.  The  planidium  develops  in  the  egg  during  the  winter 
and  hatches  during  July.  It  is  scarcely  more  than  o.i  mm. 
long  and  capable  of  a  rather  limited  looping  movement 
by  means  of  its  sucking  mouth  and  a  group  of  stout 
spines  which  replace  the  cerci  of  other  planidia  at  the 
posterior  end  of  the  body  (Fig.  10b  to  d).  The  larvae  make 
their  way  out  of  the  buds  and  move  about  on  the  twigs 
and  leaves.  Here  they  come  in  contact  with  the 
Camponotus  workers  attending  the  plant  hce  and 
visiting  the  fruit  of  the  trees  and  attach  themselves 
to  the  hairs  on  the  tarsi  of  the  ants  (Fig.  low).  They  are 
thus  carried  into  the  ant  nests  and  pass  from  their 
carriers  to  the  ant  brood.  “  They  manage,  largely  by 
chance,  to  become  attached  to  the  ant-larvae  and  after 
moving  about  over  the  body  for  a  time  settle  dorsally  on 
one  of  the  sutures  between  the  head  and  first  thoracic 
segment,  or  between  the  first  two  of  the  latter.  The 
mandibles  are  then  embedded  firmly  in  the  derm  of 


VL/,  I  II. 


1  K.,  10.  I.ile  lnsicii\  lit  \( /v ,/ Ifii/iiinni/i  \slim.  (  \  I  a  r  (  .  I’.  (.hiiiscil.) 
a.  \Iullxrr\  huii  uiih  si'alcx  ixaiiii\i.al  tu  sln  i\\  i  w  1 1  masses  ,//  i  7//  (n  20)  ; 
h.  I  irsi  si;iL>e  l.ir\;i,  lateral  \  lew  (x  ^00);  e.  lirst  siaee  larva,  ilms.il  view 
'x  -iOO)  ;  cl.  l  irst  sf.iL’e  larva,  lateftil  view,  with  lie. ici  retr.ic'ieci  (x  soo)  ; 
e.  ■  \cjv  .iiiceci  tirst  staL'e  larva,  ilursal  view  (\  2017  :  1'.  ,Se(-(inil  siaea-  l.irva, 

vlursal  view  (x  Kt);  l’.  Tliircl  staue  larva,  lateral  v  i(.  vv  (\  m):  h,  ■l'hircl 

staee  l.irv.i  in  situ  un  tnale  |ni|)a  ut  (  .aiiipi  nn  n  ns  (x  ,ji  :  i.  I  un. île  pup.t,  I. tarai 
view  t\  le;;  j.  .SaL'iiial  seetinn  (rliai' rainniat  ie)  c  if  the  nu  ml  liparts  1  if  ihe 
third  staee  larv.i.  k.  Ovarian  eut'  (x  loo);  I.  Mitndihles  i  if  lirst  si.a'e  larva; 
tn.  'l'hree  lirsi  staea-  larvie  adherinic  m  1  lie  lee  1  if  a  (  .ainpi  mu  a  ns  wurker  (\  ad. 
f  \tter  ( ,.  I’.  (  .laitsen.^ 


I  t<i,r  j,.  .(2 


VI aie  I  III. 


I  lf..  II.  I’lipiL'  III  C.iiimahi  sp.  (in  the'  lower  surface  of  a  leaf,  showinu  their  enn- 
centric  arrangement  anti  the  masses  of  tæces  liepi  siteti  near  their  posterinr 
ends.  One  of  the  lar\ le  (to  the  left,  helow)  has  not  \et  pupated.  (Ph<ito- 
Liraph  In  I’rot.  (,.  I  .  Hrues.)  (So  p.  vf.) 


Ik,,  in  S/i/'f.v  firiacni.f  cari\injt  caterpillar  ol  sphin\  moth  to  her  Inirrow  . 
(I’hoioL'i'.iph  l)\  I’rof.  (  .arl  I  I. trim. in.)  (.See  p.  w.) 


I  hu;  /).  4? 


THE  TEREBRANTIA  AND  ACULEATA  43 


the  host  and  no  further  movement  takes  place  Two 
stages  follow,  during  which  the  planidium  feeds  and 
becomes  vermiform  (Fig.  10/  to  h),  and  after  the  host 
has  spun  its  cocoon  and  become  a  semipupa  and  eventu¬ 
ally  a  pupa,  the  parasite  manages  to  regain  its  hold  after 
the  host’s  ecdysis.  The  attachment  to  the  ant  pupa  is 
almost  invariably  on  the  metathorax  just  beneath  the 
legs  or  wing-pads  (Fig.  lO^).  Development  now 
becomes  greatly  accelerated,  and  feeding  is  completed 
within  a  few  days  after  the  second  moult.  Pupation 
occurs  within  the  host  cocoon  and  the  adults,  after 
emergence  in  the  nest,  are  not,  like  Orasema,  fed  and 
cared  for  by  the  ants,  but  forthwith  escape  to  the 
outside  and  mate  in  the  open,  the  males  hovering  about 
the  nests  and  seizing  the  females  as  soon  as  they  emerge 
into  the  light  and  before  they  can  take  flight.  The 
life  of  the  adult  5.  tennicornis  (Fig.  9)  is  extremely  short 
as  shown  in  Clausen’s  table,  which  is  here  reproduced  : 


Egg  stage 

First  larval  stage 

Second  larval  stage 

Third  larval  stage 

Pupal  stage 

Adult  (within  cocoon) 

Adult  (outside  nest)  . . 


approximately 


2  to 


II  months. 
20  days. 

3  days. 

4  days. 

6  days. 

I  day. 

3  days. 


In  my  paper  of  1907  I  took  it  for  granted  that  the 
female  Orasema  viridis  must  lay  her  eggs  in  the  ant-nest, 
but  Smith  and  Clausen  have  given  reasons  for  supposing 
that  this  Eucharid  probably  lays  on  the  leaves  of  bushes, 
like  Perilampus,  or  in  buds,  like  Schizaspidia.  Attention 
should  be  called,  however,  to  the  fact  that  Orasema  is 
more  of  an  ant-guest  than  Schizaspidia  since  the  Pheidole 
workers  actually  feed,  fondle  and  carry  it  about.  More¬ 
over,  during  November,  1923,  Dr.  W.  M.  Mann  came 
upon  another  species  of  Orasema  in  the  nests  of  a  small 
Pheidole  in  Lower  California  and  saw  five  of  the  males 
actually  copulating  with  female  pupae  in  the  nest 
chambers  !  This  observation  would  seem  to  indicate, 
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though  it  does  not,  of  course,  prove  that  the  eggs  of 
Orasema  are  laid  in  the  ant-nests. 

After  this  review  of  the  complicated  development  of 
the  Perilampidæ  and  Eucharidæ  as  ascertained  by 
American  entomologists,  we  may  return  to  the  Trigonal- 
idæ.  It  will  be  noticed  that  the  very  rare  and  sporadic 
occurrence  of  these  inseets  both  in  the  adult  and  larval 
stages,  and  the  occurrence  of  the  latter  both  as  primary 
parasites  and  hyperparasites  in  very  diverse  hosts 
points  to  a  development  with  a  minute,  active,  first 
larval  stage  hke  that  of  the  Perilampids  and  Eucharids. 
This  becomes  practically  certain  when  we  turn  to  Bugnion’s 
anatomical  observations  on  the  female  of  the  European 
Pseudogonalos  hahni.  He  says  :  “  The  female  possesses 
neither  ovipositor  nor  sting.  All  that  can  be  seen  are 
a  few  small  chitinous  pieces  situated  at  the  orifice  of  the 
genital  canal  and  probably  serving  to  hold  the  penis 
during  the  eopulatory  act  ”.  And  his  description  of 
each  ovary  shows  that  it  consists  of  as  many  as  300  to 
400  slender  ovarioles,  each  containing  a  series  of  very 
minute  eggs,  only  0.18  mm.  long.  Counting  five  eggs 
to  an  ovariole,  as  represented  in  his  figure,  a  single 
female  would  produce  between  3,000  to  4,000  ova  ! 
Bugnion  seems  not  to  have  noticed  the  significance  of  this 
extraordinary  fecundity,  which  is  much  greater  than 
that  of  the  Japanese  Schizaspidia  described  by  Clausen. 
It  can  only  mean,  when  we  consider  the  great  rarity 
of  the  Trigonalidæ  in  all  their  stages,  that  there  must 
be  an  enormous  wastage  of  eggs  and  this  can  only  be 
due  to  a  mode  of  oviposition  and  development  like 
that  described  for  the  Perilampidæ  and  Eucharidæ. 
The  minute  eggs  are  probably  laid  on  the  leaves  of 
bushes  or  weeds  and  the  emerging  larvæ  are  probably 
much  like  planidia  and  attach  themselves  to  passing- 
wasps  or  caterpillars,  thereby  gaining  access  to  the  brood  of 
the  former  and  the  Hymenopterous  or  Dipterous 
parasites  of  the  latter. 

Certainly  the  first  larval  stage  of  the  Trigonalids 
when  found  will  be  of  great  interest,  since  it  may  well 
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be,  if  we  may  judge  from  the  archaic  habitus  of  the  adult, 
of  a  more  primitive  and  more  generalized  type  than  the 
planidia  of  the  Chalcidoids  above  described.  Perhaps 
it  actually  has  thoracic  legs  and  would,  therefore,  be  a 
true  triungiilin.  The  striking  resemblance  both  in 
structure  and  behaviour  of  the  Hymenopterous  planidium 
to  the  triungiilin  larvæ  of  the  Meloid  and  Rhipiphorid 
Coleoptera  and  the  Strepsiptera  has  been  remarked  by 
several  observers.' 

There  are,  furthermore,  both  among  the  Terebrantia 
and  Diptera  a  number  of  first  larval  forms  which  resemble 
planidia  and  others,  hke  the  cyclopoid  and  eucoiliform 
larvae  of  certain  Platygastridæ  and  Cynipoidea,  which 
seem  to  represent  peculiar  modifications  of  the  planidial 
type.  Richardson  (1913)  and  Mrs.  E.  H.  Wheeler 
(1923)  have  distinguished  at  least  ten  or  a  dozen  different 
first  larval  types  among  the  Terebrantia  and  H.  L. 
Parker  (1924)  has  published  an  elaborate  paper  on  the 
larval  forms  of  Chalcids.  Among  the  Diptera  planidium- 
like  larvae  occur  among  the  Acroceridae,  and  active 
first  stage  larvae  which  behave  like  planidia  occur  among 
the  Nemestrinidae,  leaf-ovipositing  Tachinidae  and 
Bombyliidae.* 


'  For  recent  accounts  of  the  larvæ  of  American  Meloiclæ  and  lists  ot 
literature  see  the  papers  of  IVilliams  and  Hungerford  (1014),  Milliken 
(1921),  Parker  and  Boving  (1924),  and  Brues  (1924a). 

^  The  Acroceridæ  and  Nemestrinidæ  are  particularly  interesting  in 
connection  with  the  Trigonalidæ,  because  the  two  Dipterous  families 
are  similarly  rare,  sporadic  and  archaic  insects,  which  lay  a  great 
number  of  minute  eggs  at  a  distance  from  the  hosts,  but  in  their  general 
environment.  King  (1916)  has  shown  that  the  female  Pterodonlia 
flavipes  flies  up  and  down  in  front  of  a  tree-trunk  and  shoots  her  eggs 
at  the  bark  to  which  they  stick.  The  active  planidium-like  larvæ 
attach  themselves  to  passing  spiders,  bore  into  their  bodies  and  then 
become  pflump,  vermiform  larvæ.  The  Nemestrinids  lay  their  very 
slender  eggs  in  abandoned  beetle  burrows  in  fence  posts  or  rails,  and 
the  just-hatched  larvæ  stand  erect  and  allow  themselves  to  be  blown 
by  the  wind  over  the  fields,  where  they  apparently  attach  themselves 
to  Scarabæid  beetles  (Rhizotrogus)  and  eventually  become  parasites 
in  the  pupæ  of  their  progeny.  (See  Adam  Handlirsch  18S2,  Brauer 
1883a,  and  18836,  and  Bruch  1917a).  The  J3ombyliidæ  are  much  more 
abundant  insects  than  the  .'\crocerids  and  Nemestrinids  because  the 
female  lays  her  eggs  very  near  the  larval  hosts.  (See  Shelford  1913, 
Fabre,  Riley,  Chapman,  etc.)  Clausen,  King  and  Teranishi  (1927)  have 
recently  published  an  account  of  two  intere.sting  Tachinid  fly  parasites 
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Types  of  development  with  active  triungulin  or  campo- 
deiform  larval  stages  are  known  to  occur  also  in  certain 
Neuroptera,  e.g.,  Mantispa  (Brauer,  1869)  and  Coleoptera, 
e.g.,  the  Carabid  Lebia  scapularis  (Silvestri,  1905), 
which  is  parasitic  on  the  elm-leaf-beetle  and  several 
Staphylinids  of  the  genus  Aleochara,  which  parasitize 
the  puparia  of  various  Muscids  (Wadsworth  1915,  Scott 
1920,  Kemner  1926).  In  all  these  cases  entomologists 
speak  of  hypermetamorphosis,  because  there  are  at 
least  two  distinct  larval  forms,  a  minute,  active  and 
abstemious  first  stage  larva,  which  seeks  out  the  host  and 
a  lethargic,  gluttonous  and  obese  second  stage  larva 
which  develops  after  securing  contact  with  the  latter. 
Brauer  {1869)  and  more  recently  Heymons  (1907) 
have  objected  to  this  use  of  “  hypermetamorphosis  ” 
on  the  ground  that  it  should  be  applied  only  to  cases 
like  the  Meloidae,  originally  described  by  Fabre,  i.e.,  to 
cases  in  which  a  quiescent  larval  instar  (pseudochrysalis 
or  coarctate  larva)  supervenes  after  the  trophic  larval 
stage  and  before  the  true  pupa.  It  is  probable,  however, 
that  entomologists  will  continue  to  use  the  term  as  here¬ 
tofore  for  cases  of  successive  larval  di-  or  polymorphism. 
Brauer’s  and  Heymons’  contention  that  such  cases 
cannot  be  sharply  differentiated  from  those  of  ordinary 
metamorphosis  would  carry  more  weight  if  biological 
phenomena  in  general  lent  themselves  more  easily  to 
precise  logical  discrimination. 

More  important  than  the  academic  question  of  the  use 
of  terms  is  the  question  as  to  whether  we  are  to  regard 
such  types  of  development  as  those  of  the  Perilampidæ, 
Eucharidæ  and  Trigonahdæ  (presumably)  as  more 
primitive  than  the  ordinary  Hymenopterous  type  of 
development  or  as  having  been  secondarily  acquired. 


of  the  beetle  Popillia  japonica,  which  show  a  striking  contrast  in  the 
number  of  eggs  laid  and  the  first  larval  stages.  Centeter  cinerea,  which 
oviposits  on  the  thorax  of  the  beetle,  produces  only  62  eggs  and  has  no 
specialized  first  larval  stage,  whereas  Prosena 5j6<’n7a  produces  Soo eggs, 
which  hatch  in  the  uterus  of  the  mother.  The  young  larvae  are  active 
and  somewhat  like  planidia.  They  are  laid  on  the  ground  into  which 
they  bore  in  search  of  their  hosts,  the  grub  of  the  Popillia. 
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Some  authors  have  taken  the  latter  view.  Brues  (igigd) 
expresses  this  very  clearly  when  he  says,  “  it  is  evident 
that  the  planidium  and  triungulin  have  been  interpolated 
in  the  larval  development  just  as  the  whole  larval  stage 
has  been  added  to  the  hfe-cycle  of  the  metabolous  insects. 
Their  presence,  especially  in  Hymenoptera,  is  quite 
secondary  ”.  I  entertain  serious  doubts  concerning  the 
accuracy  of  this  inference.  Cases  like  Mantispa, 
Aleochara,  Lebia,  the  Meloidæ,  Acroceridæ,  etc.,  seem 
to  me  to  indicate  very  clearly  that  the  obese  vermiform 
larval  stage  has  been  intercalacted  secondarily  and  that 
the  triungulin  or  planidium,  so  like  the  typical  and 
admittedly  primitive  campodeiform  larva  of  most 
Megaloptera,  Neuroptera  and  Adephagous  Coleoptera,  is 
really  an  archaic,  though  often  considerably  modified 
stage  which  has  been  suppressed  in  most  Terebrantia 
and  in  all  Aculeata,  with  the  possible  exception  of  the 
active  first-stage  larva  of  the  Chrysididæ.  The  young 
larvae  of  Pamphiliidae  among  the  Phytophaga,  in 
possessing  only  thoracic  legs  and  cerci,  may  be  readily 
compared  with  the  triungulin  and  the  gap  between  such 
a  larva  and  the  planidium  may  be  bridged,  perhaps, 
when  the  first  stage  larva  of  the  Trigonalidae  is  dis¬ 
covered.  The  cruciform  larva  of  modern  Mecoptera, 
Trichoptera,  Lepidoptera  and  Tenthredinidæ  is  evidently 
derived  from  the  campodeiform,  and  there  is  general 
agreement  that  the  vermiform  may  arise  either  from  the 
eruciform  or  the  campodeiform  larva. 

If  I  am  not  mistaken,  therefore,  the  remote  ancestral 
Terebrants  sought  out  their  prey,  or  hosts  as  active 
larvae,  since  their  mothers  had  not  yet  acquired  the  habit 
of  laying  their  eggs  directly  on  or  in  the  larval  food. 
These  ancient  forms  were  what  I  have  called  "  atro- 
phaptic  ”  or  "  dystrophaptic  "  insects.  The  occur¬ 
rence  even  in  some  Ichneumonids  and  Braconids  of  a 
rather  active  first  larval  stage  remotely  like  a  planidium, 
e.g.,  in  such  species  as  Calliephialtes  messor,  according 
to  Cushman  (1913),  and  Ephedrus  incompletus ,  according 
to  Mrs.  E.  H.  Wheeler  (1923),  is  significant  in  this 
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connection.  The  future  study  of  the  very  early  develop¬ 
ment  of  the  more  primitive  famihes  such  as  the  Stephan- 
idæ,  Evaniidæ,  and  Megalyridæ  may  have  some  inter¬ 
esting  disclosures  in  store  for  us.' 

Did  time  permit  it  would  be  interesting  to  trace  the 
increasing  attention  bestowed  by  the  female  Terebrant 
on  her  offspring  from  the  atrophaptic  and  dystrophaptic 
to  the  eutrophaptic  condition.  Even  in  the  last  there 
are  two  phases,  one  in  which  the  female  makes  no  nest 
but  seeks  out  the  host  or  prey  and  lays  the  egg  on  or  in  it, 
and  another  in  which  the  female  makes  a  nest  and  provi¬ 
sions  it  with  prey  or  food  for  the  young.  The  former 
method  is  characteristic  of  most  Terebrants  and  of  some 
Aculeates.  The  female  may  even  enter  the  water 
to  find  the  prey  or  host.  The  known  cases  of  this  singular 
behaviour,  exhibited  by  several  different  groups  of 
Terebrentia  have  been  briefly  reviewed  by  Brues  {1921, 
p.  151).  “  In  several  well-known  cases,  the  behaviour 

of  the  adult  parasites  has  become  so  profoundly  modified 
that  the  females  not  only  enter  the  water  in  search  of 
their  hosts,  but  they  may  be,  occasionally  at  least,  accom¬ 
panied  by  the  males.  The  first  observation  of  this  sort 
was  made  nearly  a  century  ago  by  Francis  Walker 
(1836)  on  Agriotypus,  and  the  weU-known  observer 
Sir  John  Lubbock  (1863)  later  gave  an  account  of  the 
habits  of  two  Chalcis  flies  in  which  he  describes  the 
actual  process  of  swimming.  One  species,  the  Mj^marid 
Cataphractus  cinctiis  makes  use  of  its  ciliated,  paddle¬ 
shaped  wings  for  this  purpose,  while  the  other,  a  Tricho- 
grammid  {Prestwichia  aquatica)  propels  itself  by  means  of 
the  legs.  Numerous  other  contributions,  notably  those 
of  von  Siebold  (1858),  W.  Midler  (1889),  Marchai  (1900), 
Rousseau  (1907),  Heymons  (1908),  Schulz  (19076,  1910a, 
19106),  and  Matheson  and  Crosby  (1912)  have  added 
much  of  interest,  not  only  in  bringing  to  light  aquatic 


'  I  find  tliat  ('.eniey.s  (1924)  has  recently  described  the  larva  of  an 
European  Evaniid,  Zeuxcvaiua  splendidula,  which  feeds  on  the  eggs  of 
a  cockroach  [I  oboplrra  decipiens).  Even  the  fir.st  larval  stage  proves 
to  be  a  tvpical  maggot  like  that  of  most  other  Terebrants. 
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members  of  several  families,  but  in  determining  some 
of  the  host  species  on  which  they  prey.  In  many 
cases  the  adaptation  to  aquatic  life  is  not  so  pcufect  as 
the  cases  just  mentioned,  although  several  other  species 
are  known  to  swim  readily,  using  either  the  legs  or  wings, 
which  usually  show  modifications  adapted  to  such 
behaviour 

The  final,  eutrophaptic  stage  in  which  the  female 
brings  the  pre}^  or  food  to  the  young  in  a  previously 
prepared  cell  or  nest  occurs  only  among  the  Aculeata  and 
only  among  the  more  highly  specialized  members  of  the 
sub-order.  We  shall  deal  with  these  conditions  in  the 
three  following  lectures. 


’  To  the  li.st  of  forms  mentioned  by  Brucs  may  be  added  the  aquatic 
Biaconid,  Giardinaia  urinaior,  discovered  by  De  Stéfani  Perez  (1902). 


Ill 


THE  EVOLUTION  OF  WASPS 

In  the  preceding  lecture  I  called  attention  to  the  fact 
that  the  Terebrant,  or  parasitic  and  the  Aculeate,  or 
stinging  Hymenoptera  are  so  closely  related  that  most 
modern  authors  unite  them  in  a  single  sub-order,  the 
Clistogastra,  and  that  the  Aculeates  are  usually 
supposed  to  be  derived  from  Terebrant  ancestors  though 
others  would  derive  both  groups  from  common  or  closely 
allied  hypothetical  forbears  among  primitive  Phytophaga. 
Whichever  view  we  accept  and  notwithstanding  the 
fact  that  the  Terebrants  use  the  ovipositor  for  egg-laying 
whereas  it  is  converted  into  a  sting  in  the  Aculeates  and, 
with  the  exception  of  the  Sapygidæ,  Chrysididæ  and 
Dryinidæ,  is  not  employed  in  oviposition,  we  must 
admit  that  the  Terebrants  have  already  developed 
certain  characteristics  which  occur  with  more  or  less 
modification  and  elaboration  among  the  higher  Aculeates. 
Among  these  peculiarities  attention  may  be  called  to  the 
following  : 

(i)  Even  among  Terebrants  there  exists  a  sporadic 
tendency  to  a  development  of  polymorphism 
in  one  or  both  of  the  sexes.  Thus  in  the 
Braconid  Sycosoter  lavagnei,  according  to 
Lichtenstein  and  Picard  (1917)  and  Picard 
(1919),  there  are  two  forms  of  each  sex,  one 
winged,  the  other  apterous.  Two  forms  of 
females  are  also  well-known  in  certain 
Chalcidids,  e.g.,  in  Harmolita  (Webster  and 
Reeves,  1909)  and  Cynipids,  and  among  the 
fig-insects  of  the  Chalcidoid  tribe  Idarnini 
(Phylotrypesis)  Grandi  (1921,  1923)  has 

revealed  the  existence  of  a  peculiar  poly¬ 
morphism  very  much  like  that  of  certain 
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worker  ants,  though  confined  to  the  male 
sex.  In  Pezomachus  flavocinctus  Strickland 
(1912)  has  described  a  pccnliar  polymorphism 
of  the  male,  which  may  be  winged,  sub- 
apterous  or  apterous.  These  cases  of  the  loss 
of  wings  in  one  or  both  sexes  and  especially  in 
the  female  and  considerable  variation  in  the 
size  of  the  head  and  mandibles  in  individuals 
of  one  of  the  sexes  among  Terebrants  some¬ 
what  diminish  our  surprise  at  their  more 
frequent  occurrence  among  certain  groups 
of  Aculeates. 

(2)  In  certain  Terebrants  the  ovipositor  may  act 

like  the  Aculeate  sting  and  introduce  into 
the  prey  a  poison  which  induces  at  least  a 
temporary  paralysis  of  the  musculature. 
This  has  been  observed  by  Silvestri  (1907) 
in  the  Chalcidid  Elasmus  flabeilatus,  which 
completely  paralyses  the  larva  of  the  Tineid 
Prays  oleellus  in  which  it  oviposits.  Doten 
(1911)  found  that  Microbracon  jiiglandis 
completely  paralyses  the  caterpillars  of 
Ephestia  kiihniella,  so  that  the  latter  remain 
fresh  for  from  two  to  four  weeks,  and  Picard 
(1919)  has  observed  a  similar  but  feebler 
paralysis  of  the  larvae  of  Hypoborus  ficus 
by  Sycosoter  lavagnei.  The  paralysis  of 
blowfly  larvae  by  Alysia  mauducaior  has  been 
carefully  studied  by  Altson  (1920)  and  Myers 
(1927). 

(3)  It  is  well-known  that  some  Terebrants  lay  their 

eggs  within  the  body  while  others  lay  them 
on  the  surface  of  the  prey,  but  that  the  latter 
method  alone  is  employed  by  the  Aculeates, 
with  the  exception  of  the  Dryinidæ.  Several 
authors  and  more  recently  Picard  (1919)  have 
called  attention  to  the  fact  that  external 
oviposition  is  employed  among  the  Terebrants 
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when  the  prey  is  concealed  in  a  plant  or  earthen 
cavity,  or  in  a  cocoon  or  puparium  and  that 
internal  oviposition  is  the  rule  when  the  host 
is  exposed,  or  free-living.  Among  the 
exceptions  we  may  mention  Polysphincta, 
which  parasitises  spiders  (Lichtenstein  and 
Rabaud,  1922)  and  the  Chalcid  Schizonotus 
sieboldii  which,  according  to  Cushman  (1917) 
lays  its  eggs  on  the  exposed  pupae  of  a  Chryso- 
mehd  beetle  {Melasoma  interr upturn).  The 
same  author  calls  attention  to  the  Eulophid 
Euplecirus  comsiocki  which  oviposits  on  the 
cotton  worm.  Silvestri  (1911)  has  described 
this  habit  also  in  the  European  Euplectrus 
bicolor  which  parasitises  the  caterpillars  of 
Plusia  gamma  and  Mamesira  brassicœ.  The 
general  rule  of  oviposition  on  the  outside  of 
the  prey  when  it  happens  to  be  in  a  cavity 
applies  also  to  the  Aculeata,  but  the 
Rhopalosomatidæ  and  some  Pompilidæ  are 
known  to  attach  their  eggs  to  free-hving 
insects. 

(4)  A  phenomenon  frequently  noticed  in  Aculeates 
that  paralyse  their  prey  (Figs.  13  and  14)  is 
their  malaxation  or  feeding  on  portions  of  it. 
This  is  very  natural  because  the  adult 
Aculeate  is  then  merely  continuing  to  eat 
portions  of  an  insect  of  the  kind  on  which  it 
was  reared  as  a  larva.  The  same  tendency 
is  apparent  in  many  Terebrants  but  in  them 
usually  takes  the  form  of  feeding  on  the 
juices  exuding  from  punctures  made  by  the 
ovipositor  in  the  egg,  larva,  pupa,  or  adult 
of  the  host  species  and  immediately  after 
oviposition  or  after  the  ovipositor  has  been 
used  merely  as  a  food-procuring  instrument. 
This  singular  behaviour  was  first  observed 
by  Marchai  (1905,  1909)  in  Tetrastichus 

xanthomelccnce  which  oviposits  in  the  eggs 
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of  the  elm-leaf  beetle  {Galerucella  xantho- 
vielœna)  and  in  Aphelinus  mytilaspidis, 
which  oviposits  in  a  scale  {Aspidiotus 
ostrecpformis).  It  has  also  been  observed  by 
several  American  entomologists  in  Tetra- 
stichus  asparagi  which  oviposits  in  the  eggs 
of  the  asparagus-beetle  [Crioceris  asparagi)  ; 
by  Saunders  in  Aphelinus  fuscipennis,  which 
parasitises  the  scale  Aspidiotus  rapax  (Howard 
1908)  ;  by  Silvestri  (1910)  in  Tetrastichus 
xanthomelcencB  ;  by  Doton  (1911)  in  Ptero- 
malus  puparum  and  a  species  of  Meraporus, 
as  parasites  of  the  pupae  of  the  cabbage- 
butterfly  {Pieris  rapes)  and  in  Microbracon 
juglandis  as  a  parasite  of  the  meal-moth 
{Esphestia  kiihniella)  ;  by  Roubaud  (1917)  in 
Nasonia  brevicornis  which  oviposits  in  the 
puparia  of  Muscids  ;  by  Lichtenstein  (1921) 
in  the  Chalcid  Habrocytus  cionicida  which  lays 
its  eggs  in  the  pupæ  of  a  weevil  [Cionus 
thapsi)  ;  by  Trouvelot  (1921)  in  the  Braconid 
Habrobracon  johansseni,  by  Whiting  (19216) 
in  H.  brevicornis  which  attacks  the  meal¬ 
worm  ;  by  Caffrey  (1921)  in  Anastatus 
semifiavidus,  an  egg-parasite  of  the  moth 
Hermileuca  olivics  ;  by  Balfour  Browne 
(1922)  and  Picard  (1923)  in  the  Chalcid 
Meliitobia  acasta  which  lays  its  eggs  on  the 
larvae  and  pupae  of  a  great  variety  of  Hymeno- 
ptera,  Diptera  and  Coleoptera,  and  by 
Voukassovitch  (1924)  in  the  Ichneumonid 
Diccslotus  erythrostoma,  a  parasite  of  Poly- 
chrosis  botrana.  The  most  singular  of  these 
cases  is  the  Habrocytus  described  by  Lichten¬ 
stein,  because  the  Chalcid  runs  its  ovipositor 
through  the  cocoon  of  the  beetle  and  the 
space  between  the  cocoon  and  the  pupa  and 
into  the  latter.  It  leaves  the  organ  in  this 
position  for  half  an  hour  while  a  secretion 
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hardens  around  it  and  forms  a  delicate  tube 
through  which  the  parasite  sucks  the  blood 
of  the  prey  as  soon  as  the  ovipositor  is  with¬ 
drawn.  It  will  be  seen  that  in  all  the  cases 
cited  the  mandibles  are  not  used  in  feeding 
because  the  prey  is  too  large  and  too  tough¬ 
skinned,  whereas  in  the  larger  and  more 
powerful  Aculeata  the  mandibles  may  be 
readily  employed  for  a  similar  purpose. 
There  are,  however,  small  Aculeates  (Bethy- 
lidæ)  which,  as  I  shall  show  in  the  sequel,  use 
the  sting  like  the  Terebrantia  for  securing 
food. 

(5)  Perhaps  we  may  detect  the  germs  of  a  feeble 
sociability  in  those  Terebrants  which  develop 
in  numbers  in  the  same  host  and  when  mature, 
pupate  in  compact  masses  of  cocoons.  In 
one  genus  of  Chalcididae,  Cratotechus,  or 
Comedo  (Fig.  ii),  as  it  is  now  called  (Howard 
1891),  the  pupae  are  naked  and  are  attached 
to  a  leaf  side  by  side  in  a  regular  ellipse 
enclosing  some  of  the  individuals,  an 
arrangement  which  seems  to  presuppose  a 
peculiar  “  Fiihlung  ”,  to  use  a  German 
expression,  among  the  larv'ae.  It  must  be 
admitted,  however,  that  sociability  is  much 
less  pronounced  among  larval  Terebrants 
than  among  the  more  ancient  and  primitive 
Phytophaga  and  that  there  are  many 
instances  of  internecine  destruction  among 
the  young  larvæ  when  the  prey  is  too  small 
to  nourish  more  than  a  single  parasite. 

While  the  various  peculiarities  cited  under  these  five 
heads  may  be  regarded  as  representing  primitive  and 
very  ancient  ethological  tendencies  which  reappear  as 
convergent,  or  parallel  developments  in  more  pronounced 
and  more  specialized  forms  among  the  Aculeates,  the 
majority  of  the  latter  depart  from  the  Terebrants,  first. 
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in  having  learned  to  excavate  cavities  in  the  soil  or 
wood  or  to  build  cells  of  earth  or  vegetable  matter  or 
even  from  inspissated  secretions  of  their  own  bodies, 
and  second,  to  store  in  such  structures  insect  or  plant 
food  for  the  use  of  their  young  and  themselves.  The 
slow  evolution  of  these  two  peculiarities  can  be  readily 
traced  within  the  Aculeate  sub-order  and  especially 
among  the  social  wasps,  and  bees,  but  the  subject  is  so 
extensive  and  has  been  so  often  treated  in  popular  works, 
that  I  shall  give  it  only  such  brief  attention  as  my  time 
will  permit. 

Concerning  the  division  of  the  Aculeata  into  super¬ 
families  and  their  sequence  and  interrelations  there 
is  at  the  present  time  so  much  difference  of  opinion 
among  hjunenopterists  that  the  student  of  ethology  is 
left  in  a  quandary.  Of  the  two  most  recent  classifica¬ 
tions,  that  of  Handlirsch  (1924)  and  that  of  Bradley, 
Rohwer  and  Bequaert  (Comstock,  1924),  the  former  is 
the  more  conservative  and  will  probably  appeal  more 
strongly  to  European  workers,  whereas  the  latter,  which 
embodies  some  of  the  views  of  Ashmead,  will  be  more 
acceptable  to  the  American  hymenopterists.  I  am 
myself  inclined  to  prefer  Handlirsch’s  classification  so  far 
as  it  retains  many  of  the  old  Latreillean  groups,  though 
some  of  the  latter  obviously  require  modification.  The 
following  simple  arrangement  wiU  be  adequate  for  the 
purposes  I  have  in  view  : 


SUB-ORDER  ACULEATA 

(Vespoidea  ok  Vespiformia) 

Superfamily  Bethyloidea 
Family  Dicrogcniidæ 
,,  Bethylidæ 
,,  Dryinidæ 
,,  Embolemidæ 
,,  Sclerogibbidæ 
,,  Rhopalosomatidæ 
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Superfamily 

Family 

f  i 

Superfamily 

Family 


Superfamily 

Family 

Superfamily 

Family 


Tubulifera 

Cleptidæ 

Chrysididæ 

Heterogyna 

Sapygidæ 

Plumariidæ 

Anthoboscidæ 

Scoliidæ 

Tiphiidæ  (incl.  Methocinæ  and 
Myrmosinæ) 

Mutillidæ 

Thynnidæ 

Formicidæ 

Pompiloidea 

Pompilidæ 

Diploptera 

Vespidæ 


(Sphecoidea,  or  Spheciformia) 
Superfamily  Fossores 
Family  AmpuHcidæ 
,,  Sphecidæ 
Superfamily  Anthophila 
Family  Apidæ 


The  precise  position  of  the  Pompilidæ  is  a  matter  of 
dispute,  since  they  have  been  placed  by  Borner  and 
Handlirsch  and  many  hymenopterists  before  them 
among  the  Fossores,  and  by  Ashmead,  Rohwer,  Bradley, 
Banks  and  others,  among  the  Vespoidea.  Until  their 
affinities  have  been  more  accurately  determined,  I  can 
see  no  harm  in  regarding  them  as  an  independent  super- 
family.  Paleontology  sheds  no  light  on  the  origin  of 
the  various  families  in  the  foregoing  table.  Most  of 
them,  like  the  families  of  the  Terebrantia,  are  represented 
in  the  early  and  middle  Tertiary  by  genera  identical 
with  or  closely  allied  to  those  now  living,  and  morphology 
and  ethology  show  very  clearly  that  all  the  famihes  of 
extant  Aculeata  are  highly  specialized  and  that  most  of 
them  cannot  be  derived  from  one  another.  There  are. 


THE  EVOLUTION  OF  WASPS 


57 


nevertheless,  certain  patterns  in  development,  structure 
and  behaviour  which  indicate  certain  delinite  evolu¬ 
tionary  tendencies.  These  seem  to  be  clearly  fore¬ 
shadowed  in  the  group  Bethyloidea,  which  is  placed  at 
the  beginning  of  the  sub-order  and  deserves  special 
consideration  on  account  of  its  numerous  and  often 
elusive  morphological  relationships  to  all  the  other 
superfamilies. 

Although  Haliday  (1835)  regarded  Bethylus  as  a 
Fossor,  it  and  the  allied  genera  were  placed  among  the 
Proctotrypoidea  until  1902,  when  Ashmead  transferred 
them  to  his  Vespoidea.  There  is  now  no  doubt  that 
they  are  a  primitive,  though  peculiarly  and  diversely 
speciahzed,  cosmopolitan  group  of  Aculeates.  Fully 
1,200  species,  mostly  of  small  size,  and  more  than  100 
genera  have  been  described  and  distributed  among  some 
six  famihes.  The  most  heterogenous  affinities  of  the 
various  Bethyloids  to  other  Aculeates  have  been  noticed 
by  specialists.  Kieffer,  who  monographed  the  Bethylidæ 
(1908)  and  Dryinidæ  (1907),  regarded  the  former  as 
“  most  closely  related  to  the  genera  Meria  and  Tiphia 
among  the  Scoliidæ,”  and  the  genus  Mesitius  as  attaching 
them  to  the  Tubulifera  (Chrysididæ).  In  1909  he 
described  a  genus  Parachrysis,  which  can  be  assigned  to 
either  the  Bethyhdæ  or  the  Chrysididæ.  Westwood 
(1881)  noticed  the  resemblance  of  the  BethyUd  genus 
Apenesia  to  the  Mutillidæ.  Perkins  (1905)  saw  in  the 
Bethylidæ  relationships  to  the  old  Fossorial  series  on  the 
one  hand  and  to  the  Proctotrypoidea  on  the  other. 
Brues  (19106)  notes  the  relationship  of  the  Bethylidæ, 
Diyûnidæ,  and  especially  of  the  genera  Epyris  and 
Pristocera  to  the  Ampulicidæ  and  of  the  Sclerogibbid 
genus  Mystrocnemis  to  the  Tiphiidæ  and  Ashmead’s 
family  Cosilidæ  (Anthoboscidæ).  He  believes  that  the 
Embolemidæ  are  an  ancient  group  related  to  the  forms 
from  which  the  Proctotrypoids  are  descended.  Bridwell 
(1917a)  regards  the  relationships  of  the  Bethylidæ  to  the 
Proctotrypoidea  as  purely  superficial  but  those  of  the 
Scoliidæ  and  Chrysididæ  as  “  eminently  natural  ”. 
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Borner  (1919)  places  both  the  Bethylidæ  and  Chrysididæ 
among  the  Terebrants  but  regards  them  as  being  connected 
by  the  Cleptidæ.  Brues  (1922,  1923c)  noted  the  resem¬ 
blance  of  the  genus  Algoella  (Apteropompilus),  which 
seems  to  be  a  Bethylid,  to  the  Anthoboscidæ  (Sierolo- 
morpha)  and  the  Mutilhdæ,  and  described  from  the  Baltic 
amber  a  peculiar  genus,  Palæobethylus,  which  strongly 
resembles  the  Ampulicidæ,  especially  Rhinopsis.  Hand- 
lirsch  (1924)  places  the  Bethyloidea  as  the  first  super¬ 
family  in  the  Aculeata  but  Bradley  (Comstock  1924) 
intercalates  the  family  Bethylidæ  between  the  Formicidæ 
and  the  Vespidæ  and  the  family  Dryinidæ  among  the 
Sphecoidea  after  the  Ampulicidæ. 

The  family  Rhopalosomatidæ  deserves  discussion  on 
account  of  its  dubious  position  in  the  classification.  It 
consists  of  only  three  knowm  species  and  genera,  Rhopalo- 
soma  poeyi,  occurring  from  the  Antilles  to  Maryland  and 
Missouri,  Paniscomima  erlangeriana  in  South  Africa, 
and  Hymenochimœra  abnormis  in  India.  Hood  (1913) 
discovered  the  larva  of  Rh.  poeyi  attached  to  the  third 
abdominal  segment  of  an  active  jumping  tree-cricket 
{Orocharis  saLiatcr)  on  Plummer’s  Island,  near  Washington, 
D.C.  The  adult  Rhopalosoma  is  nocturnal  and  closely 
resembles  in  colour  and  the  texture  of  its  integument  the 
nocturnal  Vespids  of  the  genus  Apoica  and  the  nocturnal 
males  of  certain  ants  (Eciton,  Diacamma,  Lobopelta, 
etc.),  Westwood  (1874),  who  first  carefully  considered 
the  relationships  of  the  insect,  said  that  it  was  “  quoad 
aÿiniiaies  animum  excrucians  ”,  but  thought  it  might 
be  a  Vespid,  Nylander  regarded  it  as  an  ant,  Haliday 
as  a  Fossor,  Fred.  Smith  as  an  Ophionine  Ichneumonid, 
Cresson  as  a  Braconid,  Sharp  as  allied  to  the  Scohidæ 
and  Sphecidæ.  Ashmead  (1902-1903)  erected  a  special 
family  for  its  accommodation  and  placed  it  between  his 
Cosilidæ  and  the  Thynnidæ.  Morley  (1910)  is  satisfied 
that  it  can  be  placed  nowhere  among  the  Terebrantia, 
but  is  an  Aculeate  allied  to  the  Scoliidæ,  with  the 
venation  of  an  Ichneumonid.  Rohwer  (19136)  beheves 
that  ”  perhaps  the  Rhopalosomidæ  and  the  Dryinidæ 
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had  a  common  origin,  as  the  larva  would  indicate 
Turner  and  Watcrston  (1917)  maintain  that  the  male 
genitalia  of  the  Rhopalosomatidæ  “  show  a  very  distant 
relationship  to  those  of  the  Eumenidæand  differ  strongly 
from  those  of  all  other  Hymenoptera.  Thus,  of  the 
many  attempts  to  assign  a  place  to  the  group,  that  of 
Westwood,  who  connects  it  with  the  Vespidæ,  is  the 
most  correct.  It  is  almost  certainly  derived  from  the 
same  stock  as  the  Eumenidæ,  but  strongly  modified  by 
nocturnal  and  probably  also  by  parasitic  habits.  The 
wide  range  of  the  family  points  to  considerable  antiquity, 
though  it  seems  to  be  absent  from  Australia  ”.  Handlirsch 
(1924)  places  Rhopalosoma  in  the  Heterogyna,  between 
the  Sapygidæ  and  Anthoboscinæ,  Bradley  (Comstock, 
1924)  between  the  Vespidæ  and  Bethylidæ.  Brues  has 
suggested  in  conversation  that  it  may,  perhaps,  belong 
near  the  Bethylidæ,  a  position  which  would  be  indicated 
also  by  the  Dryinid  affinities  suspected  by  Rohwer. 

More  interesting  and  more  significant  for  our  purposes 
than  the  citations  of  divergent  opinions  concerning  the 
taxonomic  relationships  of  the  Bethyloids  are  the  habits 
of  these  insects.  Omitting  the  Rhopalosomatidæ,  it 
appears  from  the  published  data  that  there  are  at  least 
three  different  methods  or  types  of  dealing  with  the  prey, 
of  oviposition  and  development  in  the  superfamily. 
These  may  be  called  the  Bethyhne,  Sclerodermatine 
and  Dryinid  types  respectively. 

(i)  The  Bethyline  type  has  been  observed  in  the 
genera  Bethylus  (Perisemus),  Pristocera,  Epyris  and 
Holepyris.  Until  recently  very  little  was  known  about 
these  insects,  apart  from  the  very  fragmentary  observa¬ 
tions  of  Haliday  (1835),  Ferton  (1901-21)  and  Nielsen 
(1903).  Haliday  saw  a  female  Bethylus  fuscicornis  drag 
a  paralysed  Tineid  caterpillar  over  the  ground  to  a  hollow 
reed,  enter  the  reed  to  make  a  reconnaissance,  return  and 
pull  the  caterpillar  into  the  cavity.  Ferton  found  in  a 
hollow  briar  four  green  larvæ  of  the  same  species  of 
Bethylus  devouring  a  green  caterpillar.  With  them 
was  an  adult  Bethylus  female,  evidently  the  mother  of 
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the  larvæ,  though  he  regarded  her  as  one  of  their  sisters. 
Nielsen,  on  splitting  a  piece  of  briar  in  which  a  Pemphre- 
don  had  once  nested,  saw,  a  few  inches  from  the  entrance, 
a  Tortrix  caterpillar  which  a  Bethylus  fulvicornis  forth¬ 
with  carried  further  into  the  cavity  where  he  found  a 
second  caterpillar  that  had  been  almost  devoured  by 
four  Bethylus  larvæ.  He  noticed  that  the  first  cater¬ 
pillar  had  been  paralysed  and  concluded  that  B.  ful¬ 
vicornis  is  in  a  more  primitive  stage  than  the  true  fossorial 
wasps,  because  it  failed  to  make  a  nest  and  because  the 
caterpillars  were  lying  loose  in  the  burrow  without 
being  separated  from  one  another  by  partitions,  whereas 
all  true  fossorial  wasps  that  five  in  stalks  make  cells. 
Bethylus  differs  from  the  Fossores,  moreover,  in  laying 
several  eggs  on  each  caterpillar,  a  habit  common  among 
the  Terebrants.  BridweU  (1917),  near  Cape  Town, 
South  Africa,  observed  an  Epyris  female  dragging  a 
Tenebrionid  larva  over  the  ground.  But  the  most 
complete  observations  were  made  by  F.  X.  WiUiams 
(1918)  in  Hawaii  on  E.  extraneus  (Fig.  12).  This  small 
black  wasp,  with  the  habitus  of  a  Tiphia,  captures  and 
stings  tiU  it  is  nearly  immobile  the  much  larger  larva 
of  a  Tenebrionid  {Conocephaluni  seriatum  Fig.  I2b), 
seizes  it,  apparently  by  a  palpus,  and  carries  it  over  her 
back  into  some  crack  in  the  soil,  where  she  fashions  a 
rude  cell  around  it  and  glues  a  single  egg  to  the  middle 
of  the  venter  of  its  first  abdominal  segment  (c).  The 
hatching  larva  at  first  lies  on  the  surface  (d)  but  later 
assumes  an  erect  position  at  right  angles  to  the  longi¬ 
tudinal  axis  of  the  victim  (e).  When  fuU  grown  the 
larva  forsakes  the  remains  of  the  prey  and  spins  a  cocoon 
(g).  Notes  indicating  very  similar  habits  in  Holepyris 
hawaiensis  have  been  published  by  BridweU  (19176, 
1919)  and  by  Hyslop  (1916)  and  Hayes  (1927)  on  the 
North  American  Pristocera  armifera.  Hyslop  found  the 
single  egg  of  the  latter  species  in  the  ground  attached 
to  the  ventral  surface  of  an  Elaterid  larva,  Limonius 
agoniis,  and  Hayes  found  it  attached  to  the  larva  of 
another  Elaterid,  Æolus  elegans. 
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I'lc;.  14.  Hurriiw’  ot  \plii'.\  procfrus  in  SL'cticin,  shiiwint!  tilling  dt'ckhris  in  the 
tunnel  unci  the  ptinilyzecl  Sphinx  moth  etUerpilhir  in  the  cell,  with  the  ep’u 
ekiec'  to  its  side.  (Photograph  h\  Prof,  (.arl  llaitntan.)  f.kc  p.  S2.1 


Pit,.  1^.  Pour  slaves  in  the  mud  nest  of  Otlymr/i.i  rlnrs, ///.{.  \.  Showing  one  cell 

open  and  Peine  stored  w  ith  small  caterpillars.  Ik  Nest  on  the  follow  ine 
da\ ,  show  in.e  wasp  reslinu  in  a  new  cell  made  on  the  previous  afternoon. 
(  .  Nest  With  one  cell  (  ipened  to  show  the  wasp  larva  leedine  (in  caterpillars. 
1).  Same  nest,  show  in, e  holes  made  In  the  escapine  wasps.  (.\fter  Prof, 
(airl  I  hirtman.)  (,kr  p.  6y.) 
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(2)  The  Sclerodennatine  type  of  development  has  been 
observed  in  the  genera  Cephalonomia,  Lælius,  Goniozus, 
Scleroderma,  Neosclcroderma,  Anoxiis,  Apencsia,  Sierola 
and  Parasierola.  In  these  cases  the  host,  which  is  a 
Coleopteron,  a  Lepidopteron  or  possibly  in  some  cases 
an  ant  larva,  is  sought  out  by  the  Bethylid  and  several 
eggs  are  laid  on  it  after  it  has  been  paralysed  by  repeated 
stinging.  The  hatching  larvæ  consume  the  prey  and 
after  spinning  cocoons  pupate  near  its  remains.  The 
most  complete  of  the  earlier  observations  of  this  type  of 
behaviour  are  those  of  Busck  on  Lccliiis  irogodennatis, 
as  recorded  in  Howard’s  “  Insect  Book  ”  (1905).  The 
female  Lælius  attacks  and  paralyses  the  larva  of  Dermestes, 
bites  off  the  long  hairs  on  its  ventral  surface  and  there 
attaches  one  to  six  eggs.  The  entire  life-cycle  requires 
only  thirty  to  thirty-five  days.  The  winter  is  passed  in 
the  pupal  stage,  the  cocoons  at  that  season  being  firmer 
and  darker  in  colour  than  those  of  the  summer  generations. 
Busck  found  that  though  the  Lælius  will  paralyse  every 
Dermestid  larva  it  encounters,  it  does  not  lay  on  all  of 
them,  and  that  though  the  larva  is  paralysed  it  may 
pass  feces  or  even  moult.  When  this  occurs  the  eggs 
attached  to  its  cuticle  perish.  He  also  found  that  the 
female  lays  more  than  twice  her  bulk  of  eggs  and  that  she 
is  sometimes  parthenogenetic  but  then  produces  only 
male  offspring.  Brief  accounts  of  the  habits  of  species 
of  Goniozus  or  of  their  prey  have  been  pubhshed  by 
Audouin  (1842),  by  Popenoe  and  Marlatt  (1889),  Ashmead 
(1893)  ,  Picard  (1919)  and  others,  and  of  Parascleroderma 
and  Cephalonomia  by  Picard.  Ashmead  in  his  mono¬ 
graph  of  the  North  American  Proctotrypidæ  (1893) 
and  Kieffer  in  his  monograph  of  the  Bethylidæ  (1908) 
have  pubhshed  a  number  of  host  records.  Much  more 
extensive  observations  on  Scleroderma,  Sierola,  Parasier¬ 
ola,  and  Cephalonomia  were  made  by  Bridwell  (1917c, 
1919,  1920)  in  the  Hawaiian  Islands  where  these 

interesting  insects  happen  to  be  so  numerous  that 
Fullaway  (1920)  described  in  a  single  paper,  171  new 
species  of  the  genus  Sierola  alone.  Several  host  records 
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of  Hawaiian  Bethylidæ  have  also  been  published  by 
Swezey  (1915). 

Scleroderma  imniigrans,  a  species  introduced  into 
Hawaii  from  the  Philippines,  was  studied  in  considerable 
detail  by  Bridwell  (1920)  and  more  recently  I  have  been 
able  to  rear  a  species  from  our  Southern  States,  5. 
macrogasier.  Its  habits  are  so  similar  to  those  of 
immigrans  that  I  may  describe  it  as  a  paradigm  of  the 
genus  especially  as  all  the  species  seem  to  have  essentially 
the  same  habits.  As  was  noticed  by  Westwood  (1881) 
and  Bridwell  in  other  species  of  Scleroderma,  macro- 
gaster  has  two  forms  of  males  and  two  forms  of  females, 
winged  and  apterous,  but  the  winged  female  and  apterous 
male  are  rather  rare.  The  dimorphism  of  the  sexes  is, 
therefore,  very  similar  to  that  observed  by  Picard  in 
Sycosoier  lavagnei.  The  behaviour  of  both  forms  of 
each  sex  is  the  same.  A  batch  of  cocoons  of  5.  macro- 
gaster  from  Texas  was  given  me  by  Bridwell  with  a  state¬ 
ment  that  I  should  probably  be  able  to  rear  the  species 
on  the  larvae  of  some  Clytine  beetle.  The  original  host 
was  unknown  to  me,  but  I  found,  just  as  Bridwell  had 
shown  in  the  case  of  the  Sclerodermas  of  Hawaii,  that  I 
could  rear  the  Texan  species  on  a  variety  of  larvae  and 
pupae.  I  succeeded  best  with  larvae  of  the  hickory 
borer  [Cyllene  pictus)  and  the  larvae  and  pupae  of  another 
Cerambycid,  Liopus  cinereus,  fairly  well  with  other 
beetles  (pupae  of  Pissodes  strobi,  larvae  of  Cleridae, 
pupae  of  Thymalus  fulgidus)  and  larvae  of  Ichneumonidae, 
less  satisfactorily  with  the  soft  larvae  and  pupae  of  ants 
{Camponotus  americanus  and  Lasius  americanus) .  Wdien 
the  female  Scleroderma,  which  is  only  2.5  to  3  mm.  long, 
is  placed  in  a  small  vial  with  an  active  CyUene  larva, 
which  is  many  thousand  times  larger,  she  at  first  avoids 
it  but  eventually  climbs  on  to  it,  grips  its  cuticle  with  her 
mandibles  and  stings  it,  often  at  first  in  the  region  of  the 
mandibular  muscles,  and  she  keeps  on  biting  and  stinging 
it,  as  she  moves  from  place  to  place,  as  long  as  the 
muscles  beneath  the  skin  gripped  by  her  mandibles 
show  any  signs  of  contraction,  till  the  larva  is  completely 
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paralysed.  This  may  require  from  one  to  four  days’ 
depending  on  the  size  of  the  victim.  There  is  no 
regular  sequence  or  position  for  the  punctures.  Bridwell 
interprets  the  stinging  of  the  mandibular  muscles 
first  as  an  adaptation  to  prevent  the  prey  from  crushing 
the  Scleroderma,  but  this  very  rarely  occurs  even  when 
the  prey  is  first  attacked  in  some  other  spot.  After 
the  prey  has  been  rendered  motionless  the  Scleroderma 
feeds  for  several  days  by  tweaking  the  larva  at  various 
points  and  imbibing  the  blood  which  exudes  in  very 
minute  droplets  from  the  previously  made  sting  punctures. 
Her  abdomen  now  rapidly  enlarges  with  the  growth  of 
her  ovaries  and  she  soon  begins  to  lay  numerous  glisten¬ 
ing  white  eggs,  which  are  rather  large  in  proportion  to  her 
size,  on  the  surface  of  the  prey  and  most  frequently 
in  the  intersegmental  constrictions.  The  prey,  though 
alive,  remains  perfectly  motionless  and  neither  moults 
nor  undergoes  any  further  development.  If  she  has 
been  given  a  pupa,  however,  development  may  not  be 
inhibited  though  its  abdomen  remains  paralysed  and  in 
rare  cases  the  skin  may  harden  so  that  the  hatching 
Scleroderma  larvae  die  and  the  imago  of  the  host,  though 
moribund,  actually  emerges.  The  eggs  laid  on  a  larva 
or  young  pupa  produce  minute  larvae  which  at  first 
he  on  the  surface  but  later  become  spindle-shaped  and 
erect,  so  that  the  host  bristles  with  them  like  a  porcupine. 
The  older  larvae  acquire  the  colour  of  the  juices  of  the 
prey  ;  those  feeding  on  the  pink  larvae  or  pupae  of  Liopus 
becoming  red.  They  are  always  spotted  with  white, 
owing  to  the  large  masses  of  urate  crystals  in  their  fat 
bodies.  The  mother  Scleroderma  remains  with  the 
larvae,  often  stands  over  them  and  may  sometimes  hek 
them,  holding  them  meanwhile  in  her  fore  feet.  She 
also  continues  occasionally  to  drink  the  host’s  blood, 
which  exudes  about  the  deeply  inserted  heads  of  her 
larval  offspring.  Although  she  will  sometimes  eat  her 
eggs  I  have  never  seen  her  attack  one  of  her  larvae. 
The  devouring  of  some  of  the  eggs  seems  to  be  due 
to  a  tendency  to  regulate  their  number  according  to 
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the  volume  of  the  prey.  When  the  larvæ  are  mature 
they  fall  away  from  its  shrivelled  and  exhausted  remains 
and  spin  snow-white  cocoons  in  a  cluster.  Pupation 
covers  a  period  of  fourteen  to  thirty  days.  The  males 
emerge  first  from  their  cocoons,  at  once  eat  their  way 
into  the  female  cocoons  and  fecundate  the  pupæ.  They 
also  mate  readily  with  mature  females,  sometimes 
copulating  with  the  same  individual  five  to  eight  times 
after  brief  intervals.  The  same  female  may  also  mate 
with  several  males  in  succession.  So  great  is  the  ardour 
of  the  latter  that  they  often  attempt  to  mate  with  one 
another.  The  mother  being  a  long-lived  insect  may 
mate  with  one  of  her  sons  and  will  readily  paralyse 
another  beetle  larva,  rear  another  brood  and  mate 
again  with  one  of  her  grandsons.  The  males  die  very 
soon  after  mating.  If  virgin  females  are  isolated  and 
given  prey,  they  paralyse  it  readily  but  their  oviposition 
is  conspicuously  delayed.  The  eggs  and  larvæ,  however, 
develop  normally  but  produce  only  males. 

(3)  The  third  type  of  behaviour  is  seen  in  the  Dryinidæ 
which  are  well-known  parasites  of  Homoptera  (Fulgoridæ, 
Jassidæ,  Membracidæ)  and  ants.  The  female  Dryinids, 
with  the  exception  of  those  of  the  small  genus  Aphelopus, 
have  singular  chelate  fore  tarsi  with  which  they  hold 
the  host  motionless  while  they  are  thrusting  an  egg  into 
its  body.  The  resulting  larva  eventually  breaks  out 
of  the  side  of  the  abdomen  in  a  peculiar  sack,  which  in 
some  forms  seems  to  consist  of  the  larval  exuviæ,  in 
others  of  the  evaginated  hypodermis  of  the  host,  and 
after  reaching  maturity  detaches  itself  and  spins  a  cocoon 
on  a  leaf  or  more  rarely  enters  the  ground  to  pupate. 
The  behaviour  of  the  Dryinids  has  been  described  by  a 
number  of  observers— Perris  (1857),  (1882),  Swezey 

(1903),  Perkins  (1905),  Kieffer  (1907),  Jeannel  (1913), 
Keilin  and  Thompson  (1915)  and  others.  Giard  (1889^, 
1889/;),  also  described  the  larva  of  Aphelopus  melaleucus 
on  Typhlocyha  rosce  and  noticed  that  infected  individuals 
of  this  Homopteron  suffered  from  “  parasitic  castration  ”. 
Matausch  (1909,  1911)  described  similar  changes 
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produced  in  American  Membracids  by  Aphelopus  larvæ, 
and  Kornhauser  (1919)  has  published  an  important 
study  of  the  effects  of  A .  theliœ  on  our  large  and  common 
Membracid  Thelia  bimaculata.  My  time  will  not  permit 
of  a  consideration  of  the  peculiar  action  of  the  parasite 
on  the  male  and  female  genitalia  of  the  host,  but  attention 
should  be  called  to  the  fact  that  A.  thelice,  according 
to  Kornhauser,  is  polyembryonie.  It  lays  in  the 
nymphal  Membracid  a  single  egg,  which  produces  forty 
to  sixty  of  the  parasites.  After  they  reach  maturity 
inside  the  host,  they  escape  from  it  and  pupate  and  pass 
the  winter  in  the  ground.  A.  thelice  is  also  interesting 
in  connection  with  the  cases  of  ovipositor-feeding 
described  in  the  first  part  of  this  lecture.  After  the 
Aphelopus  female  has  selected  a  Thelia  nymph,  she 
“  grasps  the  caudal  part  of  the  nymph’s  abdomen 
between  her  mandibles,  and,  holding  firmly  with  her 
legs  to  the  abdomen  of  the  host,  tries  to  thrust  her 
sword-like  ovipositor  cephalad  through  the  inter- 
segmental  membranes  of  any  two  abdominal  terga. 
The  nymph  struggles  as  the  ovipositor  pierces,  and  from 
the  anal  tube  exudes  a  drop  of  liquid.  This  the  Aphel¬ 
opus  grasps  in  her  mandibles  and  is  gone  in  a  second  ”. 
Kornhauser  also  noticed  on  other  occasions  that  the 
Aphelopus  after  ovipositing  generally  mounts  the 
abdomen  of  the  nymph  to  secure  a  drop  of  excrement 
(honey-dew) . 

The  preceding  descriptions  show  that  behaviour 
among  the  Bethyloidea  is  very  heterogeneous,  that  the 
Dryinids  behave  essentially  like  Terebrants,  that  some 
of  the  Bethylids  resemble  the  Ampulicids,  Sphecids  and 
Pompilis,  which  hunt,  paralysed  and  drag  their  prey 
to  a  place  of  safety,  and  that  others  resemble  the  Scoliids, 
Tiphiids  and  Thynnids  in  seeking  out  and  paralysing 
the  prey  in  its  own  retreat.  Scleroderma,  furthermore, 
seems  to  exhibit  a  generalized  pattern  of  behaviour 
combining  that  of  Terebrants,  Tiphiids  and  to  a  slight 
extent  that  of  the  Formicidæ.  The  Sphecid  and 
Tiphiid  methods,  however,  are  not  very  sharply  separated. 
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since  some  of  the  recorded  observations  show  that 
Scoliids  and  Tiphiids  may  occasionally  pick  up  the  prey 
on  the  surface  of  the  soil,  transport  it  a  short  distance 
and  then  bury  it.  Thus,  according  to  Bridwell,  Gosse 
long  ago  observed  an  Elis  ^-notata  carrying  a  large 
lamellicorn  beetle  larva  in  its  mouth,  and  Forbes  (1908) 
and  Davis  (1919)  found  that  when  Lachnosterna  larvae 
are  placed  in  the  soil  near  a  female  Tiphia  she  will  sting 
and  paralyse  and  then  proceed  to  inter  them,  though 
under  normal  circumstances  she  seeks  her  prey  under 
ground  and  oviposits  on  it  in  situ.  Ferton  (1911) 
observed  a  small  Myzine  (M.  andrei)  in  North  Africa 
hunting  a  Terebrionid  larva  of  the  genus  Tentyria  over 
the  sand,  stinging  it  once  and  forthwith  burying  it 
beneath  the  surface. 

The  Sclerodermas  are  also  of  unusual  interest  because 
they  exhibit  aU  the  essential  rudiments  of  social  behaviour 
since  the  long-lived  mother  insect  lives  on  the  same 
food  as  the  young,  shows  an  interest  in  her  larvae  and 
even  licks  them  and  is  capable  of  bringing  up  several 
successive  broods.  When  the  mother  and  her  female 
offspring,  or  several  females  from  different  broods  are 
confined  in  the  same  vial  with  a  Cyllene  larva,  instead  of 
the  rivalry  one  might  expect,  there  is  co-operation 
among  them  in  paralysing  the  prey  and  aU  lay  their 
eggs  on  it  in  common.  We  could,  in  fact,  derive  the 
social  behaviour  of  wasps,  bees  and  ants  from  such 
conditions  as  we  find  in  Scleroderma.  I  do  not,  of  course, 
believe  that  these  social  insects  are  derived  from  Bethylid 
ancestors.  Although  the  existing  Bethyhds  are  undoubt¬ 
edly  very  ancient,  they  are  in  many  respects  highly 
specialized  and  there  is  no  reason  to  suppose  that  they 
have  given  rise  to  any  of  the  other  extant  families  of 
Aculeata. 

The  social  wasps  all  belong  to  a  single  family,  the 
Vespidse,  which  alone  constitutes  the  superfamily 
Diploptera,  so  called  because  the  wings  are  folded 
longitudinally  when  at  rest,  a  sharply  defined  and  very 
compact  group.  Most  of  the  species  are  sohtary,  and. 
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as  Ducke  (1910,  1914)  has  pointed  out,  the  social  species 
possess  no  morphological  characters  that  can  be  recog¬ 
nized  as  correlated  with  their  mode  of  life  or  as  separating 
them  as  a  group  from  the  solitary  forms.  For  this 
reason  the  ethological  peculiarities  and  especially  the 
methods  of  nidification  acquire  considerable  taxonomic 
significance.  The  older  authorities  distinguished  two 
families,  the  Masaridæ  and  the  Vespidæ,  the  former 
being  sohtary  and  strictly  anthophilous,  provisioning 
their  nests  with  honey  and  pollen,  the  latter  either 
solitary  or  social  and  more  or  less  anthophilous  as  adults, 
but  usually  providing  their  larvæ  with  insect  food. 
It  was  known  that  some  social  species,  e.g.,  Nectarina 
lechegnana  regularly,  and  a  few  species  (Polistes,  Polyhia 
occidentalis)  occasionally,  store  honey  in  their  nests. 
The  sohtary  species  of  the  European  and  African  genera 
Masaris,  Ceramius  and  Celonites,  according  to  H.  de 
Saussure  (1853),  Giraud  (1871),  Ferton  (1901,  etc.)  and 
Brauns  (1910-1911)  do,  indeed,  store  honey  in  the  cells 
of  their  mud  nests,  but  according  to  Davidson  (1913) 
the  species  of  the  allied  genus  Pseudomasaris  of  the 
South  Western  United  States,  like  the  Eumeninæ, 
provide  their  young  with  paralysed  caterpillars.  Brauns’ 
observations  on  Ceramius  lichtensteini  in  the  dry  Karroo 
Plains  of  South  Africa  are  of  peculiar  interest,  because 
they  show  that  this  insect  has  not  only  adapted  itself 
to  living  in  very  arid  situations  but  has  also  become 
sub-soeial.  The  nesting  habits  are  described  as  follows  : 
“  I  have  often  excavated  the  nests  of  C.  lichtensteini. 
The  gallery  descends  perpendicularly  and  in  a  straight 
or  curved  line,  according  to  the  nature  of  the  soil,  often 
to  a  depth  of  four  or  five  feet  when  in  soft  earth.  The 
wasp  hollows  out  small,  verticillate  cavities  along  this 
main  gallery  and  builds  oval  clay  cells  in  them.  The 
cells  are  like  those  of  Sceliphron  spirifex  and  allied  forms, 
but  are  roundish  oval.  It  is  certain  that  the  wasp 
feeds  her  larvæ  with  flower-honey  till  they  are  full-grown. 
I  have  never  found  stored  pollen  or  honey  masses  in  the 
cells  with  the  larvæ,  even  when  they  were  small.  As 
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soon  as  the  larva  has  completed  its  growth  the  wasp 
closes  the  cell.  In  order  to  pupate  the  larva  constructs 
within  the  clay  cell  a  parchment-like  cocoon,  which  is 
in  general  flask-shaped  and  round,  and  has  a  strongly 
flattened  bottom,  like  a  small  medicine  bottle.  In  such 
cells  the  larvæ  may  live  for  many  years,  depending 
on  the  periodical  droughts,  without  pupating.  At  the 
present  time  I  have  a  number  of  these  cells  that  have 
been  kept  dry  for  three  years  and  still  contain  untrans¬ 
formed  living  larvæ  ”. 

Bequaert  (1918),  in  his  recent  revision  of  the  solitary 
and  social  wasps  of  the  Congo,  and  Bradley  (1922)  in  his 
monograph  of  the  Masarine  wasps,  have  abandoned 
the  family  Masaridæ  and  regard  the  Diploptera  as 
constituting  a  single  family,  the  Vespidæ,  comprising 
nine  closely  inter-related  sub-families.  These  may  be 
arranged  in  the  following  sequence  : 


Vespidæ. 

Solitary  or  at  most  Subsocial  : 


Social  ; 

Stenogastrinæ. 

Ropalidiinæ. 


Euparaginæ. 

Masaridinæ. 

Eumeninæ. 

Zethinæ. 


Polybiinæ. 

Polistinæ. 

Vespinæ. 


There  is  no  significant  specialization  in  bodily  structure 
as  we  pass  from  the  first  to  the  last  of  these  sub-f  amihes,  but 
there  is  a  very  definite  gradual  development  and  speciali¬ 
zation  of  social  propensities,  showing  that  evolution  among 
the  Vespidæ  has  been  very  largely  on  the  functional 
(physiological  and  ethological,  i.e.,  instinctive)  planes.’ 

Nothing  is  known  of  the  habits  of  the  Euparaginæ, 

'  See  Ducke  (1914.  p.  319)  :  "  I  have  already  emphasized  the  fact 
that  (contrary  to  A.shmead  !)  the  Vespinæ  and  the  Eumenidinæ  are 
merely  subfamilies  of  tire  family  Vespidæ,  since  both  even  at  the 
present  time  are  connected  by  very  distinct  transitional  forms  and 
since  we  know  of  no  morphological  character  that  would  distinguish 
them  completely.  Both  of  these  subfamilies  are  founded,  therefore, 
solely  on  the  presence  of  females  with  abortive  genital  apparatus 
(so-called  workers)  in  the  Vespinæ,  whereas  such  individuals  do  not 
exist  in  the  Eumenidinæ,  but  at  most  fertile  females  which  occasionally 
build  a  common  nest.” 
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Plate  XII. 


Ik;.  17,  Nl'sIs  uI  Sicni  i^asi  line  wasps  hum  the  Philippines. 
iiinaii.e  \ar.  Iti~nin’u.\i.\\  lem  ile.  B.  (  .  impleie.l  nest  nl  satiie. 
iinK  the  hasal  portinn  cumpleted.  I).  Nest  nt  \leiiajia.fter  syi., 
like  “  uiiarcls."  I  ..  Nest  ol  \.  t/(/>re.r:7iias/er.  h.  niaunatti  nl 
arranuement  i  >1  cells  and  p;iss;tue  wa\s.  The  tinmhers  inilicttte 
tups  ill  the  passage  w.i\s  are  shiiwn  iti  two  phines  h\  series  nl 
(i.  Nest  111  \.  rari (tielKS  on  the  hark  ol  a  tree.  (  \lter  h,  W  illi 
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a  group  consisting  of  only  three  rare  species  from  the 
South  Western  United  States  and  closely  related  to  the 
Masaridinæ.  The  primitive  and  central  group  of  the 
whole  series  is  obviously  the  Eumeninæ,  which  com¬ 
prise  by  far  the  greatest  number  of  species,  many  of 
which,  belonging  to  the  genera  Odynerus  (Fig.  15)  and 
Eumenes,  are  familiar  to  aU  students  of  Hymenoptera  in 
temperate  regions.  They  either  excavate  cells  in  the 
ground,  occupy  the  cavities  of  plant  stems,  or  construct 
elegant  clay  cells  in  exposed  situations.  They  all  lay 
the  egg  first  and  then  for  the  prospective  larva  bring 
in  the  provisions  which  consist  of  paralysed  caterpillars, 
thus  reversing  the  usual  sequence  of  prey  and  egg  in 
most  other  solitary  wasps.  It  is  from  this  common 
body  of  Eumenine  wasps  that  the  five  sub-families  of 
social  species  have  been  descended,  according  to  Ducke 
(1914),  along  at  least  five  or  six  independent  lines. 
As  indicated  in  his  diagram  some  of  the  social  genera 
are  traceable  to  Eumenes-like,  others  to  Odynerus-like 
ancestors.  But  even  among  existing  species  of  the 
sub-family  Eumeninæ  there  are  some  very  significant 
advances  in  the  direction  of  social  life.  Roubaud  found 
that  certain  African  species  of  Odynerus  and  Synagris 
(Fig.  16)  instead  of  adopting  the  usual  method  of  mass¬ 
provisioning,  i.e.,  of  placing  the  complete  requisite 
amount  of  paralysed  caterpillars  for  the  larva  with  the 
egg  and  closing  the  cell,  actually  adopt  the  method  of 
progressive  provisioning  of  the  growing  larva  from  day 
to  day  and  thus  exhibit  a  distinct  and  significant  advance 
towards  social  behaviour.  The  latter  condition  seems 
to  arise  naturally  out  of  a  seasonal  scarcity  of  the  prey, 
as  Roubaud  (1908,  19106,  1916)  has  shown  in  the  case 
of  Synagris  spiniventris  and  calida. 

Sociahzation  has  advanced  somewhat  further  in  the 
Zethinæ,  which  have  been  studied  recently  by  Ducke 
(1914),  Howes  (1917)  and  F.  X.  Williams  (19196). 
H.  de  Saussure  (1852,  1875)  had  shown  that  the  cells  of 
the  South  American  Zethiis  {Didymogastra)  romandimis 
consist  not  of  clay  as  in  the  Eumeninæ  but  of  a  mixture 
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of  wood  fibre  and  a  gummy  materia],  and  according  to 
Forbes  (1885)  the  cells  of  the  East  Indian  Zethus  cyan- 
opterus  are  made  of  minute  pieces  of  leaves.  An  account 
of  this  same  species,  studied  by  Williams  in  the  Philip¬ 
pines,  was  published  in  my  “  Social  Life  among  the 
Insects  (1923)  He  noticed  that  the  female  feeds  her 
larva  from  day  to  day  with  small  caterpillars  which  she 
has  partly  eaten.  She  faithfully  guards  the  larva  and 
while  it  is  small  and  there  is  ample  room,  sleeps  in  the 
cell.  She  closes  the  latter  as  soon  as  the  larva  is  full- 
grown  and  proceeds  to  build  another.  Ducke's  account 
is  so  interesting  that  the  greater  portion  of  it  may  be 
quoted.  The  nest  of  Zetlmscidus  lobulatus  which  he 
frequently  encountered  in  Parâ,  ‘‘consists  of  nearly 
cyhndrical  cells  built  on  hanas,  the  cells  opening  partly 
on  one  side,  partly  on  the  other  and  consisting  of  irregular, 
roundish  particles  of  leaves  apparently  held  together 
by  a  gum-hke  substance.  These  ceUs  have  a  pecuhar 
scabby  appearance  and  are  at  first  green  but  in  a  few 
days  become  dark  brown  and  very  hard  As  soon  as 
the  cell  has  been  built  to  half  its  height,  the  wasp  lays 
an  egg  on  its  floor  and  continues  the  construction. 
The  young  larva  hatches  by  the  time  the  cell  is  com¬ 
pleted  and  is  fed  at  first  with  very  small  and  later  with 
larger  caterpiUar-hke  insect  larvæ,  which  have  been 
paralysed  by  the  wasp.  The  ceU  is  closed  by  the  mother 
over  the  full-grown  larva  with  the  same  material  used  in 
making  the  cell,  but  with  a  greater  admixture  of  the 
resinous  substance.  The  nests  are  nearly  always  built 
by  several,  often  by  as  many  as  a  dozen,  associated 
wasps.  On  one  occasion  I  saw  two  females  a  short 
distance  apart,  each  building  cells  which  were  later 
united  to  form  a  single  common  structure  by  the  addition 
of  intermediate  cells.  In  the  larger  nests  females  and 
males  are  found,  and  at  least  a  part  of  the  new  generation 
remains  in  the  nest,  which  is  then  enlarged  by  the  young 
females.  The  building  female  passes  the  nights  and 
rainy  days  in  the  open  ceU  on  the  floor  of  which  the 
larva  lies  and  is  thus  protected  by  the  mother  wasp’s 
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body.  Her  abdomen  is  directed  downward  while  her 
face  and  antennas  project  from  the  cell.  The  males 
assume  a  similar  position  in  the  empty  cells.” 

The  accounts  of  Ducke  and  Williams  show  that  at 
least  some  of  the  Zethinæ  are,  to  all  intents  and  purposes, 
social  wasps.  They  are  evidently  as  far  advanced  as 
some  of  the  first  subfamily  of  social  Vespidae,  the 
Oriental  Stenogastrinæ  (Fig.  17A).  Williams’  rather 
fragmentary  account  of  four  Philippine  species  of  this 
group,  which  exhibits  extraordinary  diversity  in 
nidification  (Fig.  17B  to  g),  indicates  that  they  must 
be  very  primitive.  Three  of  the  species  use  wood-pulp, 
or  carton  in  nest  construction  and  have  therefore 
advanced  in  this  respect  to  the  stage  of  the  four  other 
sub-families  of  social  wasps,  but  one  species  {Stenogaster 
varipictus),  like  many  Eumeninæ,  makes  its  cells  at 
least  largely  of  earth  (g.). 

The  Polybiinæ  (F'ig.  18)  are  a  large  and  heterogeneous, 
tropical  group,  comprising  a  much  greater  number  of 
genera  (23)  and  species  than  any  other  subfamily  of 
social  wasps  and  ranging  from  socially  very  primitive 
forms  hke  the  African  Belonogaster  to  highly  specialized 
forms  like  the  neo-tropical  Chartergus  and  Nectarina. 
Great  differences  are  also  apparent  in  the  architecture 
of  the  nest,  which  in  the  more  primitive  genera  consists 
of  a  single  naked  comb  of  hexagonal  cells  attached  to 
some  support  by  a  peduncle,  and  in  the  more  advanced 
forms  of  a  single  comb  or  of  several  combs  super-imposed 
on  one  another  and  inclosed  in  an  envelope  with  an 
opening  for  ingress  and  egress.  The  combs  are  in  some 
cases  pedunculate  (stelocyttarous),  in  others  attached 
directly  to  the  support  or  to  the  envelope  (phragmo- 
cyttarous).  In  nearly  all  cases  the  nest  is  made  entirely 
of  paper,  but  in  a  few  American  species  of  Polybia  clay 
may  be  employed.  Except  in  Polybia  atra,  it  is  always 
above  ground  and  attached  to  the  branches  or  leaves  of 
trees,  or  to  the  under  side  of  some  shelter  (roofs,  banks, 
etc.).  According  to  Roubaud  (1916),  in  primitive  forms 
like  Belonogaster,  as  a  rule,  a  single  fecundated  female 
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starts  the  nest  by  building  a  single  pedunculate  cell  and 
then  adding  others  in  circles  concentrically  to  its  peri¬ 
phery  as  the  comb  grows,  but  not  infrequently  the  found¬ 
ress  may  be  joined  by  other  females  before  the  work 
has  progressed  very  far.  Each  larva  is  fed  with  pellets 
of  malaxated  caterpillars  till  it  is  fuU-grown,  when  it 
spins  a  convex  cap  over  the  orifice  of  its  cell  and  pupates. 
The  emerging  females  are  aU  like  the  mother  in  possessing 
well-developed  ovaries  and  in  being  capable  of  fecunda¬ 
tion.  In  other  words,  all  the  females  of  the  colony  are 
physiologically  equal,  and  even  such  differences  in 
stature  as  they  may  exhibit  have  no  relation  to  fertihty. 
The  colonies  are  small,  the  nests  having  usually  only 
about  fifty  to  sixty  cells,  rarely  as  many  as  200  or  300. 
In  larger  colonies  there  is  a  certain  rude  division  of  labour 
since  the  older  females  devote  themselves  to  egg-laying, 
the  younger  to  foraging  for  food  and  nest  materials  and 
the  recently  emerged  individuals  to  feeding  the  larvae  and 
caring  for  the  nest.  The  males,  too,  remain  on  the  comb, 
but  behave  like  parasites  and  exact  food  whenever  it  is 
brought  in  by  the  foraging  females.  Belonogaster  is 
described  as  a  polygynous  wasp,  because  each  of  its 
colonies  contains  a  number  of  fecundated  females. 
When  the  colony  has  reached  its  full  development  the 
females  leave  in  small  companies  and  found  new  nests 
either  singly  or  together.  This  phenomenon  is  known 
as  “  swarming  ”  and  occurs  only  in  the  wasps  of  the 
tropics  where  it  seems  to  be  an  adaptation  to  the 
favourable  climatic  conditions.  In  the  higher  South 
American  genera  of  Polybiinæ,  however,  the  females 
are  not  all  alike  but  are  differentiated  into  true 
females,  or  queens,  i.e.,  individuals  with  well-developed 
ovaries  and  capable  of  fecundation  and  workers,  i.e., 
females  with  imperfectly  developed  ovaries  and  there¬ 
fore  sterile  or  capable  only  of  laying  unfertilized,  male- 
producing  eggs.  Many  of  these  wasps,  according  to 
R.  von  Ihering  (1896,  1903)  and  Ducke  (1910,  1914) 
are  polygynous  and  regularly  form  new  colonies  and 
nests  by  sending  off  swarms  of  workers  with  one  or  two 


THE  EVOLUTION  OF  WASPS 


73 


dozen  queens.  The  colonies  often  become  extremely 
populous  and  comprise  hundreds  or  even  thousands  of 
individuals.  Some  of  the  species  (Nectarina,  Polybia) 
have  a  habit  of  storing  a  considerable  amount  of  honey 
in  their  combs,  while  others  are  known  to  capture,  kill 
and  store  within  the  nest  envelope,  and  even  in  the  combs, 
quantities  of  male  and  female  termites  or  male  ants  as 
a  supply  of  food  to  be  drawn  on  when  needed. 

The  Ropalidiinæ  are  a  small  group  of  only  three  genera 
of  paleotropical  wasps,  the  best  known  of  which  is 
Ropalidia.  These  are  primitive  formiS  which  build  a 
single  naked  comb  like  that  of  Belonogaster  and  feed 
their  young  with  pellets  of  malaxated  insects.  The 
colonies  are  small  and  polygynous,  but  according  to 
Roubaud  (1916),  true  workers  can  be  distinguished 
though  they  are  few  in  number  compared  with  the  true 
females.  Swarming  seems  to  occur  in  some  species. 

The  Pohstinæ  are  represented  by  only  two  genera. 
One  of  these,  Pohstes,  is  cosmopolitan  and,  like  Ropalidia 
and  Belonogaster,  makes  a  single,  naked  comb,  suspended 
by  a  central  or  eccentric  peduncle  to  the  underside  of 
some  shelter.  As  there  are  several  common  species 
in  Europe  and  the  United  States,  the  habits  of  the 
genus  are  well-known.  The  nest  is  usually  estabUshed 
and  in  its  incipient  stages  constructed  by  a  single  female, 
or  queen.  A  certain  number  of  her  offspring  are  workers 
though  they  seem  often  to  lay  male-producing  eggs. 
True  females  are  rather  numerous  in  the  colonies  of  some 
tropical  species,  which  may  therefore  be  regarded  as 
polygynous,  and  some  of  the  latter  may,  perhaps,  swarm. 
In  temperate  regions,  however,  the  Polistes  colony  is 
an  annual  development  and  usually  not  very  populous. 
The  young  females  are  fecundated  in  the  late  summer  and 
pass  the  winter  hidden  away  under  bark  or  in  the  crevices 
of  walls,  whence  they  emerge  in  the  spring  to  found  new 
colonies.  Several  of  the  species,  even  in  temperate 
regions,  occasionally  store  small  quantities  of  honey  in 
their  combs. 

Like  the  Polistinæ,  the  sub-family  Vespinæ  includes 
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only  two  genera,  Vespa  and  Provespa.  The  species  of 
the  former,  the  only  genus  besides  Polistes  that  occurs 
in  the  north  temperate  zone,  are  the  largest  and  most 
typical  of  social  wasps.  So  far  as  known  the  species 
are  strictly  monogynous.  The  nest,  founded  by  a 
single  large  fertile  female,  consists  at  first  of  a  small 
pendent  comb,  bke  that  of  PoHstes,  but  while  there  are 
still  only  a  few  cells  a  more  or  less  spherical  envelope 
is  built  around  it.  The  eggs  first  laid  produce  workers, 
which  are  much  smaller  than  the  mother  and  incapable 
of  fecundation.  They  remain  with  their  parent,  enlarge 
the  comb  and  envelope  and,  to  accommodate  the  rapidly 
increasing  brood,  build  additional  combs  in  a  series 
from  above  downward,  each  new  comb  being  supported 
by  one  or  more  peduncles  attached  to  the  comb  above 
it  (stelocyttarous).  At  first  large  numbers  of  workers 
are  produced,  but  later  in  the  summer  males  and  females 
appear.  Owing  to  the  greater  size  of  the  females,  the 
cells  in  which  they  are  reared  are  considerably  larger  than 
the  worker  cells.  After  the  mating  of  the  males  and 
females  the  colony  perishes,  with  the  exception  of  the 
fecundated  females,  which  hibernate  like  the  females 
of  PoHstes  and  during  the  foUowing  spring  found  new 
colonies.  In  the  Vespinæ,  therefore,  a  very  distinct 
worker  caste  has  been  developed,  though  its  members 
occasionally  and  perhaps  regularly  lay  male-producing 
eggs.  The  species  of  Vespa  are  usually  divided  into  two 
groups,  one  with  long,  the  other  with  very  short  cheeks. 
In  Europe  and  North  America  the  long-cheeked  forms, 
as  a  rule,  build  aerial  nests  above  ground,  the  short¬ 
cheeked  forms  in  cavities  which  they  excavate  in  the 
ground.  The  colonies  are  often  very  populous  by  the 
end  of  the  summer  (3,000  to  5,000  individuals). 

To  some  of  the  peculiarities  of  the  social  Vcspidæ, 
such  as  their  feeding  habits,  castes  and  rudimentary 
polymorphism  which  are  merely  touched  upon  in  the 
preceding  paragraphs,  I  shall  have  occasion  to  return 
in  future  lectures  in  connection  with  similar  phenomena 
in  the  other  social  insects. 
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The  Vespidæ  brieily  considered  in  the  last  lecture  are  a 
circumscribed  group  of  Aculeates  comprising  a  con¬ 
siderable  number  of  solitary  and  a  comparatively  small 
nmnber  of  mostly  tropical  social  species.  Nevertheless, 
the  various  sub-famihes  as  they  stand  represent  a 
gradual  evolution  of  social  habjts  from  very  primitive 
types  like  Synagris,  the  Zethinæ  and  Stenogastrinæ  to 
the  distinctly  specialized  Vespa.  The  course  of  develop¬ 
ment  is  shown  in  the  gradual  emergence  and  differentia¬ 
tion  of  a  worker  caste,  advancing  complication  in  nest- 
architccture,  an  increase  in  the  population  of  the  colony 
and  an  increase  in  the  stature  of  the  fertile  female  or 
queen,  as  shown  in  the  genus  Vespa.  The  colonies  of 
some  Pohstinæ,  and  especially  of  the  Polybiinæ  and 
Vespinæ,  have  certainly  attained  to  a  status  of  very 
definite  social  integration,  but  we  must  admit  that  it  is 
not  of  a  very  high  order.  The  differentiation  of  the 
worker  caste  is  very  feeble  in  the  Polybiinæ,  and  the 
colonies  of  the  Vespinæ  and  most  Pohstinæ  are  merely 
annual  growths,  a  condition  which  not  only  sets  very 
definite  bounds  to  the  size  of  their  population  but  must 
greatly  retard  or  even  inhibit  further  progress  in  social 
development.  Probably  such  progress  among  the 
V^espidæ  is  henceforth  possible  only  among  some  of  the 
more  primitive  genera  of  Polybiinæ  in  the  American  or 
African  tropics. 

If  we  turn  our  attention  now  to  the  second  family  of 
Aculeates  which  have  developed  social  habits,  the  bees, 
or  Apidæ — the  Anthophila,  or  Mellifera  of  LatreiUe — 
we  find  ourselves  confronted  with  a  more  formidable 
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task.  The  very  size  of  the  group — some  20,000  species, 
as  estimated  by  Friese  (1923) — is  staggering,  and  the 
fact  that  the  habits  of  only  a  few  of  the  genera  and  those 
mostly  European,  have  been  carefully  studied,  renders 
ethological  generalizations  premature  and  tentative. 
At  the  present  time  no  other  family  of  Aculeates  displays 
anything  like  this  magnificent  efflorescence  of  species 
on  our  planet,  although  it  is  surpassed  by  the  Formicidæ 
in  number  of  individuals.  The  great  majority  of 
Melliferan  species  are  confined  to  two  belts,  corresponding 
to  the  warmer  portions  of  the  north  and  south  temperate 
zones.  The  tropical  bee  fauna,  especially  in  the  Old 
World,  is  rather  meagre  and  the  number  of  species 
steadily  diminishes  from  the  warmer  temperate  zones 
towards  the  poles. 

Our  difficulties  are  increased  by  the  present  plight 
of  the  taxonomists,  which  arises  in  turn  from  obvious 
ethological  conditions.  The  whole  family  Apidae  consists 
of  species  which  either  actively  collect  nectar  and  pollen 
and  are  therefore  intimately  associated  with  the  flora, 
or  of  species  which  have  abandoned  this  habit  to  become 
parasitic  on  other  more  or  less  closely  related  species. 
The  first  group  has  developed  remarkable  modifications 
of  organs  and  structures,  including  the  tongue,  the  hind 
legs  and  the  pilosity  of  the  body  and  appendages  for 
collecting  a  highly  specialized  food,  whereas  the  second 
group  shows  a  degeneration  or  loss  of  these  very  modi¬ 
fications.  Other  organs,  notably  the  wings  and  their 
venation,  are  extraordinarily  uniform  in  both  groups. 
Nothing  could  be  more  unfavourable  for  the  taxonomist, 
because  clearly  adaptive  structures  do  not  as  a  rule 
furnish  good  characters  for  the  definition  of  sub-families, 
tribes  and  genera,  and  the  absence  of  similar  characters 
in  the  parasitic  species,  which  in  many  instances  are 
actually  derived  phylogenetically  from  the  genera  of 
their  hosts  (see  Wheeler  1919^)  and  should  therefore 
be  placed  near  them  in  any  natural  classification  is, 
to  say  the  least,  disconcerting.  Add  to  this  the  further 
consideration  that  there  are  several  cosmopolitan  or 
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widely  distributed  genera  of  bees  comprising  great  numbers 
of  very  closely  related  species  (Megachile,  Halictus, 
Andrena,  Anthophora,  Prosopis,  Sphecodes,  Colletes, 
etc.),  and  many  other  peculiar  or  local  genera  which 
are  either  monotypic  or  consist  of  a  few  species  with 
unstable  or  elusive  characters,  and  we  can  understand 
why  no  one  has  been  able  to  construct  a  classification 
of  the  Apid  sub-families  and  tribes  that  anyone  else 
will  accept.  Such  attempts  are,  in  fact,  premature, 
because  the  great  bee-faunas  of  all  the  continents, 
except  Europe,  are  inadequately  known  even  to  the 
taxonomists.  This  is  notably  true  of  the  faunas  of 
Australia  and  South  America  where  there  are  many 
primitive  types  that  may  ultimately  throw  considerable 
light  on  the  relationships  of  genera  now  confined  to  other 
parts  of  the  world. 

There  has  long  been  complete  unanimity  of  opinion 
in  regard  to  the  extremely  close  structural  affinities  of 
the  bees  to  the  Sphecids  or  Fossores.^  These  affinities 
are  so  close  that  in  Bradley’s  classification  (Comstock, 
1924)  the  Apidae  are  treated  merely  as  one  of  the  families 
of  the  super-family  Sphecoidea  and  that  even  expert 
hymenopterists  have  occasionally  described  bees  as 
Fossores.  Thus  the  type  species  of  Neolarra  {pruinosa) 
was  regarded  as  a  wasp  allied  to  the  Bembicinæ  or  Larrinæ 
by  Ashmead  (1890)  and  Fox  (1893),  but  Baker  (1896) 
later  recognized  it  as  a  bee  allied  to  the  genus  Philere- 
mulus.  The  Chilean  bee  genus  Lipanthus  (^Psænythia) 
was  also  originally  placed  among  the  Fossores.  The 
pronounced  Fossorial  habitus  of  many  bees,  especially 
of  the  less  hairy  parasitic  genera  (Sphecodes,  Nomada, 
Epeolus,  etc.),  or  of  species  like  Prosopis,  which  swallow 


*  The  only  author,  to  my  knowledge,  who  has  rejected  this  opinion  is 
Borner  (1919).  He  places  the  bees,  because  they  lack  the  strigil  on  the 
hind  legs,  near  the  Vespidæ.  Obviously  the  absence  of  this  organ 
cannot  be  regarded  as  a  proof  that  the  Apidæ  are  not  closely  related 
to  or  derivable  from  Spliecoid  forms.  Handlirsch’s  suggestion  {1924) 
that  the  singular  tibial  and  metatarsal  structures  of  the  bee’s  hind 
legs  may  represent  a  highly  modified  strigil  adapted  to  collecting  pollen 
from  thie  surface  of  the  body,  would  if  substantiated  ahso  dispose  of 
Borner’s  contention. 
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the  nectar  and  pollen  and  have  therefore  failed  to  develop 
the  usual  external  collecting  apparatus,  is  very  striking. 
Hence  hymenopterists  have  been  led  to  derive  the  bees 
from  Fossores  and  to  suppose  that  they  must  have  had 
entomophagous  ancestors.  In  the  latter  half  of  the  past 
century,  during  the  romantic  period  of  Darwinian  specula¬ 
tion,  H.  Müller,  well-known  for  his  fine  work  on  the 
relations  of  bees  to  flowers,  considered  this  hypothesis 
in  two  very  thoughtful  papers  (1872,  1881).  The  adult 
Sphecids  are,  as  a  rule,  expert  flower-visitors  and  Müller 
surmised  that  their  training  in  the  search  for  insect 
prey  and  in  excavating  or  constructing  cells,  supple¬ 
mented  by  an  increase  in  bodily  stature,  had  enhanced 
their  ability  in  finding  and  extracting  the  nectar  of  flowers. 
He  adds  :  “  But  all  these  advances  together  are  insigni¬ 
ficant  compared  with  the  enormous  progress  in  flower 
exploitation  which  we  witness  in  the  family  of  bees. 
The  bees,  originating  in  the  family  of  Fossores,  and 
natively  endowed  with  caution  and  discrimination, 
with  tireless  energy  and  with  a  skiU  in  creeping  into 
and  out  of  cavities  gradually  perfected  and  inherited 
in  connection  with  the  care  of  their  brood,  have 
learned  to  confine  themselves  to  provisioning  their 
young  with  floral  foods  exclusively.  Naturally  they 
could  not  fail  enormously  to  increase  their  eager¬ 
ness  in  visiting  and  their  cleverness  in  exploiting  the 
flowers  ”. 

The  derivation  of  the  bees  from  the  Fossores  has  been 
repeatedly  considered  by  Friese,  and  most  fully  in  his 
recent  book  (1923).  He  maintains  that  the  Apidae 
had  a  diphyletic  or  possibly  even  a  triphyletic  origin, 
and  presents  three  ancestral  trees  of  the  family,  one 
constructed  by  himself,  and  based  on  the  wing  venation, 
one  by  Tosi  (1895)  based  on  the  anatomical  structure 
of  the  gizzard,  or  proventriculus,  and  one  by  Langhofer 
(1897),  based  on  the  structure  of  the  tongue.  All  three 
of  these  schemata  were  independently  conceived  and  all 
agree  in  deriving  the  bees  from  two  independent  hypo¬ 
thetical  Fossorial  stocks,  one  of  which  gave  rise  to 
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Prosopis,  Colletes,  etc.,  the  other  to  Sphecodes,  Halictus, 
etc.”  Friese  indicates  a  third  possible  ancestral  source  of 
the  bees  among  the  Vespidæ  (Odynerus)  for  the  peculiar 
Australian  genus  Hylæodes,  which,  so  far  as  known,  has 
given  rise  to  no  other  forms.  This  supposed  polyphy- 
letic  origin  of  the  Apidæ  is  certainly  suggestive  of  a 
possible  masked  or  concealed  convergence,  or  parallelism 
of  development  due  to  anthophilous  habits  among  only 
remotely  related  Sphecid  or  even  Vespid  groups. 

Although  views  like  those  of  H.  Miiller  and  Friese  have 
also  been  held  by  von  Alten  (1910)  and  others,  one  might  go 
even  further  and  maintain  that  the  Apidæ  are  not  derived 
from  any  of  the  Sphecidæ  as  that  family  is  now  constituted, 
but  that  the  Apidæ  themselves  are  merely  the  taxonomic 
equivalent  of  an  anthophilous  sub-family,  or  if  diphyletic  of 
two  anthophilous  sub-families  of  the  same  rank  as  any  of 
the  extant  entomophagous  families,  e.g.,  the  Bembicinæ, 
Crabroninæ,  Sphecinæ,  etc.  There  is  no  satisfactory 
evidence  that  the  bees  ever  fed  their  young  with  dead  or 
paralysed  insects.  If  the  Aculeata  are  descended  from  the 
Phytophaga  directly  instead  of  through  the  Terebrants,the 
vegetarianism  of  the  bees,  for  aught  we  know  to  the  con¬ 
trary,  may  be  primitive.  This  position  is  actually  taken 
by  Roubaud  (1918)  when  he  says  :  “  Without  doubt  the 
Apidæ,  which  were  exclusively  adapted  to  a  melhferous 
diet,  never  used  their  sting  for  the  capture  of  prey. 
Very  probably  they  represent  forms  that  have  remained 
exclusively  vegetarian  and  as  such  have  retained 
feeding  habits  most  like  those  of  the  ancestral  type. 
The  adaptation  to  a  carnivorous  diet  must  have  occurred 
secondarily  in  certain  originally  vegetarian  forms  as 
a  result  of  the  employment  of  the  sting  against  insects 
of  small  stature.  But  the  facts  which  might  enable  us  to 
establish  a  real  affiliation  in  these  habits  are  stiU  lacking.” 

'  Friese  regards  the  species  of  Sphecodes  as  very  primitive,  predatory 
bees  and  not  as  parasites.  His  discussion  again  opens  up  the  whole 
controversy  in  regard  to  the  behaviour  of  Sphecodes,  which  seemed 
to  have  been  settled  by  the  researches  of  Nielson,  Ferton,  Breitenbach 
and  others  (see  Wheeler  19190)  and  is  interesting  though  by  no  means 
convincing.  We  eagerly  await  the  publication  of  the  second  part  of  Stock- 
hert's  paper  (1923),  which  will  probably  throw  much  light  on  the  matter. 
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Two  sets  of  facts  might  seem  to  lend  some  support  to 
Roubaud’s  contention.  First,  the  existing  Sphecidæ 
comprise  a  number  of  sub-families  or,  according  to  Kohl 
(1896)  and  Handlirsch  (1924),  groups  of  genera,  all 
of  which,  so  far  as  known,  are  too  highly  speciahzed 
both  structurally  and  ethologically  to  serve  as  Apid 
ancestors,  and  second,  the  paleontological  evidence 
indicates  that  throughout  the  Tertiary  at  least,  the 
relations  of  the  Sphecidæ  and  Apidæ  were  essentially 
those  obtaining  at  the  present  time.  Cockerell  (1909a, 
1917)  has  described  from  the  Baltic  amber  (Lower 
Oligocène)  Sphecids  of  the  well  known  genera  Crabro 
and  Pison  and  also  numerous  highly  speciahzed  bees 
(Electrapis,  Protobombus,  Chalcobombus,  Sophro- 
bombus,  Ctenoplectrella  and  Glyptapis),  from  the  shales 
of  Florissant  (Miocene)  Fossores  of  the  sub-famihes 
Crabroninæ,  Pemphredoninæ,  Philanthinæ,  Nyssoninæ, 
and  Sphecinæ,  contemporaneous  with  such  highly 
speciahzed  genera  of  sohtary  bees  as  Ceratina,  Anthi- 
dium,  Dianthidium,  Heriades,  Andrena,  Calyptapis 
(near  Mehssodes),  Libellulapis  and  Lithandrena  (near 
Andrena),  and  from  the  shales  of  Oeningen  (Miocene) 
bees  of  the  modern  genera  Lithurgus,  Xylocopa  and 
Andrena.  We  shall  therefore  have  to  seek  the  ancestors 
of  both  bees  and  Sphecids  in  the  Cretaceous  or  probably 
even  in  precretaceous  formations.'  It  must  be  admitted, 

^  Owing  to  the  fact  that  the  bees  could  only  have  developed  in 
symbiosis  with  the  flowering  plants  the  paleobotanist  might  be 
expected  to  throw  some  light  on  the  most  probable  period  of  Apid 
evolution.  The  only  recent  authoritative  statement  I  have  seen  on 
this  matter  is  that  of  Wieland  (1924),  who  says  that  “  probably  the 
opening  of  the  Cretaceous  time  saw  in  all  the  world  fully  40,000  species 
of  non-flowering  plants,  and  many  thousand  seed-bearing  plants 
representative  of  all  the  modern  orders.  Both  monocotyls,  including 
the  typical  palms,  and  dicotyls,  or  net-veined  types,  are  modern 
in  form  and  widely  distributed,  although  the  known  species  of  these 
higher  types  do  not  become  numerous  until  the  mid-Cretaceous. 
Since  then,  the  main  course  of  plant  evolution  can  be  summed  up  as  a 
rapid  disappearance  of  naked  seeded  types,  or  gymnosperms,  to  600 
species  of  relatively  limited  distribution,  with  the  steady  increase  of 
the  flowering  plants  or  the  angiosperms  to  their  present  numbers, 
about  120,000  species.  E.  W.  Berry  insists  that  there  has  been  much 
recent  evolution  within  the  dicotyis.  But  it  would  not  be  absurd 
to  hypothesize  for  the  dicotyls  of  early  Cretaceous  time  fully  half  as 
many  species  as  now  exist  ”. 
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however,  that  the  older  view  of  a  change  in  the  ancestral 
bees  from  entomophagy  to  anthophily  is  not  improbable 
when  we  consider  the  case  of  the  Masaridinæ  among  the 
Vespidæd  I  called  attention  in  my  last  lecture  to  the 
fact  that  the  primitive  genus  Pseudomasaris  in  the 
South  Western  United  States  stores  insect  food  for  its 
young,  but  that  the  less  primitive  genera  Masaris, 
Celonites  and  Ceramius  in  Europe  and  Africa  are, 
according  to  all  accounts,  strictly  anthophilous,  like 
the  bees.  It  is,  of  course,  obvious,  as  Roubaud  (1918) 
implies,  that  the  character  of  the  food  is  imposed  on  the 
offspring  by  the  adult  insect,  and  that  the  adult  Sphecid, 
unlike  most  Masaridinæ  and  the  bees,  really  has  a  double 
diet,  since  it  feeds  both  on  nectar  and  insects.  In 
most  cases  the  insect  diet  is  represented  merely  by  the 
malaxation  and  tasting  of  the  paralysed  prey,  and  may 
be  interpreted  as  a  vestigial  act  reminiscent  of  the 
Sphecid’s  own  larval  diet. 

WTien  we  turn  to  the  reproductive  behaviour  which 
has  led  to  the  development  of  societies  we  find  a  most 
extraordinary  parallelism  between  the  family  Apidæ 
as  a  whole  and  that  of  the  Vespidæ  as  described  in  my 
previous  lecture.  The  progress  from  the  solitary  con¬ 
dition,  shown  in  more  than  95  per  cent,  of  the  species, 
to  the  conditions  in  the  most  highly  socialized  form, 
the  honey  bee,  is,  so  to  speak,  a  repetition  of  the  various 
wasp  motifs  set  in  a  different  key.  Everyone  of  the 
thousands  of  species  of  solitary  bees  has  its  own  peculiar¬ 
ities  of  behaviour,  but  the  differences  are  usually  so 
insignificant  that  the  habits  as  a  whole  are  very 
monotonous.  With  the  exception  of  the  parasitic  bees, 
which  have  been  secondarily  evolved  from  non-parasitic 
forms,  all  the  solitary  bees  make  their  nests  either  in 


‘  Handlirsch  (1924,  p.  781)  clearly  maintains  this  view  when  he 
says  ;  “  It  is  very  probable  that  the  Apides  go  back  to  older  primitive 
Sphegids,  the  strigils  on  the  hind  legs  of  which  were  perhaps  converted 
into  a  complicated  brushing  apparatus.  In  these  forms  the  vegetarian 
regimen  is  certainly  not  to  be  derived  from  the  primitive  phytophagy 
of  the  Symphyta,  but  from  the  mode  of  life  of  zoophagous  forms, 
which  cared  for  their  brood.” 
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the  ground  (Fig.  iça)  or  in  the  cavities  of  plants  (Fig.  19B), 
in  crevices  of  walls,  etc.,  or  construct  earthen  or  resin 
cells.  Some  species  line  their  nest  cavities  with  pieces  of 
leaves  or  petals  of  flowers,  with  plant-hairs  or  particles 
of  wood,  or  with  fihns  of  secretion  which  resemble  dried 
collodion  or  gold-beater’s  skin,  the  “  baudruche  ”  of 
French  authors.  Most  of  these  materials,  as  will  be 
noticed,  are  derived  from  plants.  The  nest  usually 
consists  of  several  cylindrical  or  elliptical  cells  arranged 
in  a  linear  series  or  more  rarely  in  a  compact  cluster, 
and  as  soon  as  a  cell  has  been  completed,  it  is  provisioned 
with  a  ball  or  loaf-shaped  mass  of  pollen  or  of  poUen 
soaked  with  honey  and  called  “bee-bread”,  an  egg  is 
laid  on  its  surface  and  the  cell  is  closed.  We  have  here 
again  the  typical  mass-provisioning  of  the  solitary 
wasps,  very  similar  to  that  of  the  Eumeninæ  and  Sphecidæ, 
except  that  vegetable  instead  of  animal  substances 
are  provided  for  the  young.  Nevertheless,  the  pollen 
and  honey  are  ideal  foods,  since  the  former  is  rich  in 
proteins  and  oils  and  the  latter  in  sugar  and  water,  and 
both  contain  sufficient  amounts  of  various  salts  for  the 
growth  of  the  larvæ.  As  in  the  care  of  the  solitary  wasps 
the  mother  bee  dies  before  her  progeny  emerge. 

In  many  solitary  Sphecids  (Bembix,  Stizus,  Philanthus, 
etc.)  which  nest  in  the  earth,  the  females  establish  their 
burrows  in  close  proximity  to  one  another,  though  each 
cares  for  her  own  brood  and  resents  the  intrusion  of 
her  neighbours.  The  very  same  phenomenon  is  repeated 
among  the  bees  of  many  genera  (Panurgus,  Eucera, 
Osmia,  Andrena,  Spinoliella,  Melitoma,  Pachycentris, 
Anthophora,  etc.),  and  has  been  noticed  by  many 
observers.  In  some  of  the  cases  several  females  use  a 
common  entrance  to  the  cells,  but  there  is  nothing  to 
show  that  such  “  parœcism  ”  is  a  decisive  step  towards 
social  life.  It  may,  of  course,  be  an  expression  of  a 
vague  associative  or  gregarious  tendency,  but  it  may 
also  be  the  result  of  the  attraction  exercised  by  a  cir¬ 
cumscribed  and  pecuhar  environment  on  a  number  of 
female  bees  of  the  same  species.  The  species  of  Euglossa, 
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often  mentioned  in  the  literature  and  known  to  con¬ 
struct  clusters  of  ellipsoidal  cells  of  dung,  earth,  and 
resin,  are  in  all  probability  cases  of  the  same  kind  of 
association.  Latreille  (i8og),  who  first  described  this 
genus  of  large  and  beautiful  neo-tropical  insects  and 
noticed  the  development  of  the  corbula  on  the  hind 
tibiae,  a  structure  which  occurs  in  no  other  bees,  except 
the  higher  social  species,  placed  the  group  near  the 
Bombinæ,  and  he,  Lucas  (1878)  and  others  were,  there¬ 
fore,  led  to  suppose  that  the  Euglossas  might  be  social. 
Lepeletier  (1827)  however,  who  failed  to  find  the  wax- 
combs  on  the  hind  legs,  dissented  from  this  opinion. 
Mobius  (1856)  even  claimed  to  have  detected  a  waxen 
lining  to  the  cells  of  E.  siirinamensis.  Within  more 
recent  years,  Schulz  (1902),  Ducke  (1902,  1903,  1905), 
R.  von  Ihering  (1904),  and  Schrottky  (1922),  who  have 
observed  the  Euglossas  in  South  America,  agree  that  they 
are  not  social,  though  some  of  the  species,  e.g.,  E.  nigrita, 
construct  large  nests  of  more  than  200  cells.  In  such 
cases  the  nest  is  made  by  several  females  but  each  cares 
only  for  her  own  brood,  though  a  common  entrance  is 
constructed.  The  existence  of  wax  in  the  cells  has  not 
been  confirmed,  but  Friese  (1923,  p.  76)  states  that  wax 
pectens  are  present  on  the  hind  basitarsi  of  Euglossa, 
Eumorpha  and  Eulæma. 

Apart  from  a  few  imperfectly  described  and  therefore 
dubious  cases,  all  the  known  social  bees  belong  to  five 
groups  comprising  certain  species  of  the  genera  Allodape 
and  Halictus  and  all  the  species  of  the  three  highly 
speciahzed  sub-families  Bombinæ,  Meliponinæ,  and 
Apinæ.  The  three  latter  have  long  been  known  to  be 
eminently  social  and  their  behaviour  has  been  so  often 
described  that  I  shall  later  toiich  on  only  a  few  aspects 
of  it.  Suffice  it  to  say,  for  the  present,  that  we  have 
no  evidence  that  the  social  habits  of  these  sub-families 
have  had  a  common  origin.  There  is,  moreover,  no 
phylogenetic  connection  between  Allodape  and  Halictus, 
which  belong  to  widely  separated  groups  of  bees,  the 
former  to  the  Tarsilegidæ,  the  latter  to  the  Podilegidæ, 
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and  neither  is  directly  ancestral  to  the  Bombinæ, 
Meliponinæ,  and  Apinæ.  We  may  therefore  assume,  at 
least  till  proof  to  the  contrary  is  forthcoming,  that  social 
habits  have  appeared  on  at  least  five  different  occasions 
in  the  family  Apidæ,  just  as  we  found  five  independent 
sources  of  social  development  among  the  Diploptera, 
or  Vespidæ.  Owing  to  the  unusual  interest  attaching 
to  AUodape  and  Halictus  I  shall  devote  a  large  part  of 
this  lecture  to  a  discussion  of  their  behaviour. 

The  South  African  bees  of  the  genus  AUodape  exhibit 
an  extraordinary  transition  from  a  solitary  to  a  social 
mode  of  life  but  of  quite  a  different  type  from  that  of 
Halictus  and  the  three  higher  sub-families.  The  species 
are  smaU  and  rather  closely  related  to  our  European  and 
North  American  carpenter  bees  of  the  genus  Ceratina, 
but  their  larvæ  are  peculiar  in  possessing  pairs  of 
appendages  with  which  they  hold  on  to  their  food. 
Some  notes  on  the  habits  of  AUodape  kindly  sent  me 
by  Dr.  Hans  Brauns  were  published  in  my  “  Social 
Life  Among  the  Insects  ”  and  in  the  French  edition 
of  the  present  work.  Since  he  has  lately  (1926)  published 
a  detailed  account  of  these  bees,  I  substitute  several 
paragraphs  from  his  very  interesting  paper  and  reproduce 
two  of  his  figures. 

“  The  old  authors  considered  the  species  of  the 
genus  AUodape  to  be  mostly  parasites  ;  and  from  the 
time  of  Lepeletier  St.  Fargeau  we  find  them  quoted 
in  hymenopterous  literature  as  being  parasites  or  mess¬ 
mates.  This  mistake  is  not  easily  explained,  because 
the  species  of  AUodape  bear  on  the  legs  a  distinct  coUect- 
ing  apparatus  of  hair-brushes.  They  are  in  fact  true 
social  bees,  although  their  colonies  are  as  primitive  as 
can  be.  There  is  no  building  of  cells,  no  shrouding  of 
the  brood  whatsoever.  The  female  excavates  a  tunnel 
into  the  dry  stem  of  iridaceous  plants.  Iris,  Rosa,  Aloe, 
Rubus,  amarylUd  plants,  etc.,  or  any  other  plant  with 
a  soft  pith  ;  it  removes  the  latter  entirely,  and  the 
nest  is  then  ready.  I  believe  that  in  most  cases  labour 
is  not  even  involved.  They  as  often  as  not  use  the 
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stems  previously  hollowed  out  by  Ceratina  bees,  or 
perhaps  Diplopfera  wasps.  Some  of  the  smaller  species 
ulilize  the  galleries  made  by  Coleoptera  in  dead  logs  or 
poles,  or  again  the  long  thorns  of  mimosa  trees.  In 
the  plains  of  the  Karroo,  where  suitable  plants  are  not 
as  common  as  in  other  parts  of  South  Africa,  some 
of  the  small  species  even  nest  in  the  ground,  the  steep 
sides  of  dry  rivers  and  “  sluits  ”,  and  even  in  the  walls 
of  houses.  So,  for  instance,  does  the  widely  distributed 
Allodape  pringlei,  Cam.  (Fig.  20),  but  this  nesting  in 
the  ground  is  comparatively  rare. 

”  The  colony  is  founded  by  the  female  alone  at  any 
season  of  the  year.  It  is,  of  course,  clearly  established 
that  at  higher  altitudes  the  seasonal  temperature  and 
the  want  of  flowers  must  impede  or  hinder  the  continual 
gathering  of  food,  but  there  is  no  hibernation.  A  warm 
sunny  day  finds  the  bee  out  of  doors,  even  in  the  middle 
of  the  winter  season.  Certain  plants  flower  only  in  the 
cold  or  winter  season,  as,  for  instance,  the  Ericaceae, 
some  Aloes,  Lycium,  and  others.  Something  is  always 
to  be  had.  After  excavating  the  stem  to  a  convenient 
depth,  or  putting  the  last  touch  to  the  ready-made 
gallery,  according  to  her  taste,  the  female  deposits  the 
egg  at  the  more  or  less  rounded  bottom  of  the  hollow 
part.  The  egg  is  of  large  size  in  comparison  with  the 
size  of  the  bee,  and  of  kidney  shape.  As  soon  as  the 
larva  is  hatched  the  mother  commences  feeding  it. 
The  egg  or  eggs  that  will  hatch  last  are  always  to  be 
found  at  the  bottom  of  the  cavity  ;  above  them  are  to  be 
found  the  younger  larvæ,  then  the  more  advanced  ones, 
and  towards  the  entrance  are  the  pupae.  Sometimes, 
however,  this  disposition  will  be  found  to  be  disturbed. 
The  mother  in  carrying  food  to  the  young  larva  at  the 
lower  part  of  the  cavity  must  perforce  constantly  pass 
the  pupae  and  larger  larvae,  and  may  therefore  slightly 
disturb  the  above-mentioned  order,  but  this  occurs  rarely. 

”  A  special  worker  class,  such  as  we  find  in  the  genera 
Apis,  Bombus,  Trigona,  and  Melipona — that  is  to  say, 
a  more  or  less  crippled  female,  is  not  to  be  found  in 
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Allodape.  All  females  are  fertile,  and,  as  far  as  known, 
take  a  share  in  breeding  and  feeding  the  larvae.  In  aU 
probabihty  the  young  females,  after  fertilisation,  con¬ 
stantly  found  new  nests.  But  they  return  for  a  con¬ 
siderable  time  to  their  original  home  and  there  feed 
the  foster  brother-  and  sister-larvæ.  The  males  return 
to  the  nests  as  well,  and  the  latter  when  opened  in  the 
evening  are  found  to  be  crowded  with  a  population  of 
both  sexes.  The  old  mother  bee  is  easily  recognized 
through  her  tattered  wings  and  other  signs  of  hard  work 
and  old  age,  but  otherwise  there  is  little  difference  in 
size  between  herself  and  her  female  progeny. 

“  There  are  three  types  of  larvæ  in  the  genus  Allodape, 
corresponding  to  three  methods  of  feeding.  In  the 
first  case  the  larva  is  provided  on  the  thoracic  part  of  the 
body  with  a  pair  of  movable  and  contractile  fleshy 
protuberances  which  we  wiU  call,  in  accordance  with 
their  functions,  arms.  The  larva  of  A.  ceratinoides, 
Grib.  (Fig.  21),  is  here  figured  as  a  conspicuous  example 
of  this  form.  These  arms  enable  the  larva  to  retain 
firmly  the  small  morsel  of  food,  deposited  between  them 
by  the  mother  bee,  who  feeds  in  this  way  a  number  of 
larvae  at  one  visit.  They  close  these  arm-like  processes 
round  the  morsel  of  food,  and  are  thus  able  to  retain 
their  hold  of  it  until  it  is  devoured.  On  opening  the 
nest  shortly  after  the  entrance  of  the  mother  bee  one 
finds  a  number  of  larvae  supplied  in  this  manner  with  food 
particles,  and  busy  feeding.  Nearly  all  species  of  large 
size,  in  fact  the  great  majority  of  the  South  African 
species,  belong  to  the  section  the  larvae  of  which  are  of 
this  type. 

“  The  second  type  of  larva  is  illustrated  by  that  of 
A.  pringlei,  Cameron  (Fig.  20).  It  is  easily  seen  from 
this  figure  that  it  is  altogether  different  from  the  first. 
The  egg  is  no  longer  lying  loose  at  the  bottom  of  the 
cavity,  but  a  row  of  eggs  (up  to  ten  or  more  in  number) 
is  fastened,  perpendicularly,  probably  by  an  agglutin¬ 
ons  substance,  by  the  lower  polar  end  to  the  walls  of  the 
hollowed  stems,  and  arranged  in  a  more  or  less  spiral 
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curve  (Fig.  2od).  The  larvae  (a)  are  provided  with  a 
great  number  of  short,  fleshy,  and  contractile  appendages 
disposed  round  the  segments.  Friese  uses  the  term 
Pseudopodion  for  these  appendages.  By  the  aid  of  these 
fleshy  protuberances  the  larvae  are  able  to  keep  their 
position  in  the  same  level  of  the  lumen  of  the  gallery. 
By  pressing  these  proturberances  against  the  rugosities 
of  the  walls,  and  also  against  the  bodies  of  their  neigh¬ 
bours,  they  maintain  the  position  of  the  body  in  the  gallery 
in  such  a  way  that  the  apical  end  of  the  larvae  and  the 
heads  of  the  same  are  each  at  the  same  level.  It  follows 
that  the  hatching  of  the  larvae  must  take  place,  approxi¬ 
mately,  at  the  same  time.  It  is  probable  that  the  bee 
lays  and  fastens  the  row  of  eggs  in  rapid  succession. 
The  feeding  of  the  larvae  is  accomphshed  in  the  following 
manner.  The  mother  bee  deposits  the  food  in  the  space 
left  between  the  heads  of  the  larvae  so  that  they  can 
all  feed  at  the  same  time  from  the  same  food  supply. 
The  pupae  and  the  larvae  after  the  last  casting  of  skin 
are  found  near  the  entrance,  and  the  agglomeration  of 
larvae  still  feeding  are  below  them,  nearer  to  the  bottom. 

“  In  principle,  the  manner  in  which  the  larvae  are  fed 
in  the  two  typical  instances  here  given  is  really  the 
same.  The  larvae  are  not  fed  directly  by  the  mother 
bee,  nor  by  regurgitation,  but  they  are  fitted  with 
integumentary  organs  for  holding  the  food  near  the 
buccal  parts,  and  also  in  one  case  for  chnging  to  the 
walls  of  the  cavity.  They  use  the  food  supply  in  a  way 
similar  to  that  which  that  eminent  observer  of  ants 
and  their  fife-history.  Professor  W.  M.  Wheeler,  has 
showm  us  so  clearly  to  happen  in  the  case  of  Ponerine 
Ant  larvae.  It  may  be  stated,  however,  that  the  larva 
casts  off  the  integumentary  appendages  at  the  last 
moult  leading  to  the  pro-pupal  stage,  when  it  has  already 
assumed  the  maggot-like  appearance  of  the  usual  bee 
larva. 

“  The  third  method  of  feeding  the  larva  is,  in  com¬ 
parison  with  the  two  already  described,  the  most 
interesting  and  the  most  important.  I  have  only  recently 
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observed  it  in  the  case  of  a  small  species  making  its 
nest  in  the  Karroo  plains  in  the  dry  stems  of  a  native 
asparagus.  There  is  no  doubt  about  the  result  of  my 
observations  since  I  have  come  across  about  a  dozen 
colonies. 

“  In  this  species  the  mother  bee  carries  in  food  for 
one  larva  only  at  a  time.  As  in  the  first  type,  she  first 
lays  the  egg,  which  in  comparison  with  her  own  size  is 
enormous,  being  almost  equal  to  one-third  of  her  own 
bulk.  After  the  oviposition,  she  brings  in  enough 
food  to  last  for  the  larva  until  it  reaches  the  pupa 
stage.  The  volume  of  this  pollen  mass  is  about  the  same 
as  we  find  in  cases  of  solitary  bees,  as  for  instance  in 
any  of  the  partitions  of  the  nest  of  a  Ceratina  species 
of  the  same  size.  It  is  quite  sufficient  for  one  larva. 
If  we  open  the  nest  we  find  one  larva  clinging  to  a  pollen 
mass,  another  to  the  next  one,  and  so  on.  On  the  top 
of  all  is  a  fresh  egg,  and  above  it  a  pollen  mass  which  the 
bee  is  about  to  complete.  When  several  larvae  are 
present  the  one  on  the  bottom  is  the  most  advanced. 
I  found  the  colonies  provided  in  this  manner  in  all  stages 
of  growth.  The  external  appearance  of  the  larva 
is  also  different  from  that  of  the  two  first-described 
types.  The  larva  chngs  closely  and  broadly  with  its 
very  flat  ventral  surface  to  the  food  mass.  Only  two 
comparatively  small  and  inconspicuous  fleshy  protuber¬ 
ances,  the  anterior  larger  than  the  posterior,  are  to 
be  seen  on  each  side  of  the  larva.  It  will  be  necessary 
to  observe  more  closely  the  habits  of  this  species. 
More  will  probably  be  found  providing  their  larvæ  in 
this  manner. 

“  There  is  only  one  difference  separating  the  economy 
of  this  bee  from  that  of  the  general  type  of  solitary  bees, 
namely  that  in  this  instance  there  is  no  partition  between 
two  adjacent  larvae  and  their  store  of  food. 

“  This  point  is  of  great  importance,  and  should  be 
thoroughly  grasped.  All  other  sohtary  bees  provide 
first  the  food,  then  lay  the  egg  on  it,  and  close  the  cell 
or  partition,  proceeding  after  this  with  another  partition 
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resting  on  the  closed  one.  In  the  case  of  this  Allodape 
the  process  is  the  same,  except  that  the  egg  is  first  laid, 
then  a  sufficiency  of  provender  carried  in  for  the  future 
larva  ;  another  egg  is  laid  above  the  first,  food  brought 
in  for  the  same  ;  and  so  on.  But  there  is  no  partition 
separating  the  larvæ  and  their  food  as  in  the  case  of  all 
other  solitary  bees  ;  and  the  gallery  is  not  closed  after 
the  last  egg  has  been  provisioned  with  the  required  food. 

"  The  reason  for  this  method  of  oviposit  ion  may 
perhaps  be  explained  as  follows  :  As  mentioned  before, 
the  egg  is  very  voluminous  in  comparison  to  the  size  of 
the  mother  bee.  It  is  hardly  credible  that  a  small 
bee  should  lay  eggs  one-third  her  own  size  in  rapid 
succession.  Such  eggs  take  time  to  mature  in  so  small  an 
ovarium,  and  cannot  therefore  be  laid  at  short  intervals. 
Owing  to  this,  the  bee  has  time  enough  to  bring  in 
sufficient  food  to  feed  each  larva  till  the  pupal  stage  is 
reached. 

“  In  the  first  type  of  oviposition  and  food  storage,  it  is 
true,  as  already  stated,  that  the  egg  is  also  very  large, 
but  we  do  not  know  the  time  required  for  the  completion 
of  oviposition.  In  the  second  type,  where  numerous 
eggs  are  fastened  to  the  walls  of  the  gallery,  the  size  of 
these  eggs  is  small,  and  accords  with  the  size  of  the 
mother  bee.  From  the  description  of  their  position  it 
is  evident  that  they  must  be  laid  in  rapid  succession 
in  order  to  allow  all  the  hatched  larvae  to  feed  from  the 
same  food  supply,  and  at  the  same  time  ”. 

Brauns’  observations  on  Allodape  are  of  considerable 
interest,  because  they  reveal  within  the  limits  of  a  single 
genus  a  series  of  stages  beginning  with  a  mass-provision¬ 
ing  of  the  young,  like  that  of  the  solitary  bees  and 
wasps,  and  ending  with  a  stage  of  progressive  provision¬ 
ing.  And  not  only  has  the  latter  led  to  an  acquaintance 
of  the  mother  with  her  offspring  but  to  a  temporary 
affiliation  of  the  offspring  with  the  mother.  It  would 
seem  that  these  conditions  must  have  had  their  inception, 
as  Brauns  suggests,  in  so  simple  a  matter  as  the  omission 
of  the  series  of  partitions  which  all  other  solitary  bees 
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construct  between  their  provisioned  cells.  In  this 
connection  it  may  be  noted  that  in  the  gastrilegous  bees 
of  the  genus  Lithurgus,  which  are  related  to  Megachile 
and  excavate  digitiform  tunnels  in  woods,  there  are 
indications  of  an  approach  on  the  one  hand  to  the 
conditions  in  AUodape  and  on  the  other  to  those  of  the 
higher  social  bees.  Gutbier  (1914)  found  that  the 
palearctic  L.  fuscipennis  lays  several  eggs  on  the  same 
mass  of  bee-bread  and  that  this  is  devoured  in  common 
by  the  hatching  larvæ.  On  reaching  its  full  growth 
and  before  pupation,  however,  each  larva  isolates  itself 
by  means  of  partitions  of  excrement.  In  an  Austrahan 
species,  L.  dentipes,  known  to  occur  also  in  the  Carolines 
and  other  Pacific  Islands,  Ludwig  (1904)  and  Friese 
(1905,  1923)  observed  that  same  of  the  digitiform 
cavities  of  the  nest  are  used  as  storehouses  for  pollen. 

Hahctus  is  the  largest  of  bee  genera,  of  world-wide 
distribution  and  comprising  about  1,000  described 
species,  a  great  number  of  which  differ  by  such  insigni¬ 
ficant  and  elusive  characters  that  they  are  the  despair  of 
taxonomists.  The  habits  of  only  a  small  number  have 
been  studied,  mostly  with  fragmentary  and  often  con¬ 
flicting  results.  The  European  species  have  been  investi¬ 
gated  by  the  following  observers:  Walkenaer  (1817), 
Eversmann  (1846),  F.  Smith  (1855),  Breitenbach  (1878), 
Fabre  (1879-80,  1903),  Verhoff  (1891,  1892,  1897), 
Friese  {1891,  1923),  J.  Pérez  (1895),  Aurivillius  (1896), 
Ferton  (1898),  von  Buttel-Reepen  (1903),  Semichon 
(1912),  Fahringer  (1914),  Armbruster  (1916),  Legewie 
(1922)  and  Stockhert  (1923).  In  the  United  States 
these  very  common  bees  have  attracted  very  few 
students.  The  only  important  papers  I  can  recall  are 
one  by  J.  B.  Smith  (1901)  on  an  unidentified  Hahctus 
and  H.  {Augochlora)  humer  alls,  one  on  H.  {Chloralictus) 
pruinosus  and  its  parasites  by  Melander  and  Brues 
(1903)  and  some  notes  by  Rau  (1926)  on  the  nesting 
habits  of  H.  {Chloralictus)  zephyrus.  R.  von  Ihering 
(1904)  has  pubUshed  a  description  of  the  nests  of 
Augochlora  gramminea  in  Brazil,  and  Lüderwaldt  (1911) 
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a  few  notes  on  the  cells  of  the  Brazilian  Neocorynura 
erinnys.  More  recently  Herbst  (1922)  has  given  us 
some  valuable  data  on  the  habits  of  three  of  the  Chilean 
sub-genera,  Augochlora,  Agapostemon  and  Corynura. 

The  Hahcti,  so  far  as  known,  nest  in  the  soil  or  more 
rarely  in  rotten  wood,  in  aggregations  which  may  com¬ 
prise  hundreds  of  nests.  Each  nest  is  started  as  a  narrow, 
more  or  less  perpendicular  gallery,  usually  less  than 
two  feet  in  length,  but  in  the  case  of  H.  {Augochlora) 
humeralis  reaching  a  depth  of  six  feet.  The  ellipsoidal 
cells  are  excavated  singly  or  in  groups  along  the  gallery. 
In  some  species  {H.  sexcinctus)  they  are  combined  in 
the  form  of  a  rude  comb,  which  in  H.  quadricincius  is 
surrounded  and  partly  isolated  by  a  capity.  The 
pecuhar  structures  of  the  latter  species  were  first  seen 
by  Eversmann,  but  those  of  both  species  have  been 
more  recently  described  by  Verhoeff  and  others.  Many 
Halicti,  as  Fabre  observed,  hne  their  gallery  and  cells 
with  a  thin  layer  of  a  secretion  which  hardens  as  a 
hydrofuge  varnish.  For  many  years  there  has  been  a 
smouldering  controversy  over  the  number,  sexual 
composition  and  parthenogenesis  of  the  annual  genera¬ 
tions  of  these  bees.  Since  there  would  be  no  advantage 
in  entering  into  a  full  discussion  of  the  various  opinions 
that  have  been  entertained  by  different  authors,  I  shall 
select  for  brief  consideration  only  the  interpretations 
of  Fabre  and  Armbruster  and  especially  of  Stockhert, 
through  whose  recent  very  careful  investigations  the 
whole  matter  assumes  a  new  and  intensely  interesting 
aspect. 

Since  the  days  of  Frederick  Smith  melittologists  have 
agreed  that  an  Halictus  brood  develops  during  the 
summer  and  produces  males  and  females  in  the  fall  and 
that  after  mating  and  the  death  of  the  males,  the 
females  hibernate  in  the  maternal  burrows  or  their 
vicinity  and  during  the  following  spring  renovate  the 
old  nest  or  excavate  new  nests  and  begin  to  provide 
lor  their  brood.  Fabre,  who  studied  mainly  H.  calceatus 
{-cylindricus)  and  to  some  extent  scabiosœ  {  =  sexcinctus) 
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and  fodiens,  maintained  that  the  overwintered  fecundated 
females  produce  only  female  offspring  and  that  these 
produce  parthenogeneticaUy  the  fall  generation  con¬ 
sisting  of  both  sexes.  He  therefore  believed  that  there 
are  two  annual  generations,  an  autumnovernal,  with 
fecundated  females,  and  a  parthenogenetic  summer 
generation.  His  contentions  that  the  latter  consists 
only  of  parthenogenetic  females  and  that  the  two  sexes 
of  the  fall  generation  mate  in  the  nest,  prove  to  be 
erroneous,  but  as  we  shall  see,  his  behef  that  the  over¬ 
wintered  females  survive  for  many  months  and  act  as 
janitresses  of  the  nests  was  well-founded.  But  this  is 
neither  the  sole  nor  the  most  important  function  of  the 
old  females. 

Armbruster  undertook  to  determine  the  number  and 
character  of  the  annual  generations  by  a  statistical 
study  of  the  flight-records  of  German  Halicti  and  reached 
the  conclusion  that  the  males  and  females  mate  in  the 
faU  but  that,  at  least  in  Northern  Europe,  the  females, 
as  well  as  the  males,  die  after  provisioning  their  cells. 
Hence  the  brood  alone  passes  the  winter  and  produces 
nothing  but  females  the  following  spring.  These 
produce  without  fecundation  a  summer  generation  of 
females  which  in  turn  become  the  parthenogenetic 
mothers  of  the  fall  generation  of  males  and  females. 
According  to  Armbruster,  therefore,  there  are  three 
annual  generations,  since  the  fall  and  spring  females 
are  not  the  same  individuals,  as  Fabre  and  others  have 
maintained,  and  there  are  two  parthenogenetic  genera¬ 
tions,  the  first  producing  only  females  (thely tocous) , 
the  second  both  sexes  (ampherotocous).  Armbruster 
believes  that  the  same  conditions  obtain  also  in  Sphecodes, 
the  parasite  of  Halictus,  and  goes  so  far  as  to  speak  of  a 
pecuhar  “  Halictus-type  ”  of  generation,  unique  among 
bees,  since  the  unfertilized  eggs  do  not  conform  to  the 
Dzierzon  rule  but  produce  females  in  the  summer  and 
both  sexes  in  the  fall. 

Stockhert  somewhat  scornfully  rejects  these  conten¬ 
tions  as  presumptuous,  erroneous  and  based  merely 
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on  “  paper  statistics  His  own  observations  were 
carried  out  during  seven  years  in  Upper  Bavaria,  for  the 
most  part  on  H.  malachurus,  maculatus,  sexcinctus, 
immargmatus,  and  puncticollis,  which  happen  to  represent 
most  of  the  European  groups  of  the  genus.  The 
observ^ations  relating  to  reproduction  and  partheno- 
gensis  were  carefully  controlled  by  Zander  through 
dissections  of  the  female  reproductive  organs.  It 
appears  that  the  number  of  annual  generations  differs 
in  different  species  of  Halictus.  Thus  some  northern 
forms,  e.g.,  H.  lineolatus,  have  only  one  generation,  like 
many  species  of  Andrena,  and  others  H.  {Lucasius) 
clavipes  and  H.  soror  have  two,  each  consisting  of  both 
sexes,  also  like  certain  Andrenas.  Moreover  some 
Halicti  with  long  flying  periods  may  have  a  third 
generation  intercalated  in  the  autumn,  especially  when 
the  advent  of  winter  is  delayed  {H.  morio,  puncticollis, 
villosulus).  But  whether  there  are  one,  two,  or  three 
generations,  the  males  die  in  the  fall,  though  rarely  in 
some  South  European  species  a  few  may  survive  and 
fly  during  the  following  spring,  whereas  the  females 
always  hibernate. 

Although  Stockhert  shows  that  both  Fabre  and  Arm- 
bruster  were  wrong  in  their  account  of  one  or  more 
parthenogenetic  generations,  there  is  in  certain  Halicti 
a  type  of  reproduction  even  more  interesting  on  account 
of  the  light  it  sheds  on  the  evolution  of  social  habits. 
H.  malachurus  may  be  taken  as  a  paradigm.  This  bee 
nests  in  hard,  clayey  soil,  often  in  congregations  of  more 
than  a  thousand  burrows.  The  overwintered  females 
sometimes  appear  as  early  as  the  middle  of  March  and 
begin  to  clean  and  varnish  the  burrows  and  to  visit  the 
flowers  of  willows  and  dandelions.  Although  several 
females  have  been  hibernating  peacefully  in  the  same 
burrow,  their  number  is  now  reduced  to  three,  two  or 
normally  only  one,  owing  to  the  struggles  among  them 
for  possession  of  the  burrow.  The  ousted  individuals 
have  to  move  to  unoccupied  nests  or  to  dig  new  ones. 
The  brood-cells  are  built  directly  off  from  the  main 
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gallery,  provisioned  and  provided  with  eggs.  If  more 
than  one  female  remains  in  the  nest,  these  daughters 
of  the  same  mother  nevertheless  build  separate  ceU- 
clusters.  By  the  middle  of  June  the  brood  emerges 
and  consists  almost  exclusively  of  females.  They  are 
smaller  than  their  mother  and  differently  sculptured 
and  belong  to  a  form  which  taxonomists  have  described 
as  H.  longulus.  The  first  individuals  to  appear  are 
unusually  small.  There  are  no  longulus  males.  The 
mother  still  survives  and  her  longulus  daughters  remain 
with  her  and  begin  to  construct  brood  cells.  This 
work  is  carried  on  mainly  at  night,  as  Fabre  observed 
in  H.  calceatus.  The  eggs  for  these  cells  are  laid  by  the 
mother  and  not  by  the  longulus  daughters,  which, 
however,  collect  the  provisions  consisting  mainly  of  the 
pollen  of  Hieracium  and  Leontodon.  The  old  mother 
remains  at  home  and  guards  the  nest  entrance  in  the 
manner  observed  by  Fabre  and  others.  The  longulus 
females  forage  till  about  the  last  of  September,  although 
each  individual  probably  lives  only  four  to  six  weeks. 
Their  number  increases  till  in  August  there  are  about 
a  dozen  in  each  nest.  Females  of  the  malachurus  type 
begin  to  appear  about  the  beginning  of  August,  also 
from  eggs  laid  by  the  old  mother.  They  are  very, 
drowsy  and  lethargic,  compared  with  the  very  active, 
busthng  longulus  females  and  collect  no  pollen  though 
they  visit  the  flowers  for  nectar.  The  males,  which 
have  been  appearing  and  increasing  in  niunbers  in  the 
meantime,  and  are  also  the  offspring  of  the  old  mother 
Hahctus,  pay  no  attention  to  the  longulus  females, 
but  eagerly  pair  on  the  surface  of  the  nest  with  the 
young  malachurus  females  when  they  leave  the  burrow 
for  the  first  time  on  some  sunny  day.  There  is  therefore 
a  kind  of  abortive  marriage  flight.  Dissection  of  the 
longulus  females  shows  that  they  are  never  fecundated. 
The  old  mother,  after  surviving  the  preceding  winter 
and  producing  the  summer  brood  of  longulus  and  fall 
brood  of  malachurus,  though  much  worn  and  with  frayed 
wings,  lives  till  the  end  of  the  season.  Zander’s  dis- 
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sections  showed  that  her  ovaries  may  contain  ripe  eggs 
and  her  spermatheca  an  abundance  of  sperm  till  the  end 
of  August.  Somewhat  later  she  loses  her  power  of 
flight,  crawls  away  and  dies.  The  longulus  females 
and  the  males  then  also  perish,  but  the  young  fecundated 
malachurns  females  go  into  hibernation  in  their  mother’s 
nest. 

The  habits  of  H.  macidatus  were  found  by  Stockhert 
to  be  very  much  like  those  of  malachurus.  The  summer 
females  are  also  smaller  than  their  mother  though  they 
have  the  same  sculpture  and  have  not  been  described 
by  taxonomists  under  a  different  name.  In  H. 
immarginaius  the  summer  females,  however,  differ  in  size, 
punctuation  and  rugosity  from  their  parent  and  are 
known  as  pauxillus.  The  summer  form  of  H.  puncti- 
collis,  though  of  the  same  size  as  the  mother,  is  sufficiently 
different  to  have  been  named  villosulus  by  the  system- 
atists. 

In  this  brief  account  of  Stockhert’s  observations  you 
cannot  fail  to  have  noticed  the  very  striking  and  suggestive 
resemblance  of  H.  malachurus  to  Vespa  and  Bombus. 
The  sterile  longulus  females  correspond,  of  course, 
to  the  workers  of  Vespa  and  Bombus,  while  the  old 
mother  malachurus  represents  the  overwintering  wasp 
and  humble  bee  queen.  In  fact,  the  social  organiza¬ 
tion  of  H.  malachurus  and  the  allied  species,  apart  from 
the  number  of  co-operating  individuals,  is  almost  as 
highly  developed  as  that  of  Bombus.  The  resemblance 
is  further  enhanced  by  the  fact  that  in  some  of  the 
allied  species  of  Halictus  {sexcinctus  and  quadricinctus) 
the  brood  cells  have  the  form  of  a  rude  comb  and  in 
H.  scabiosce,  according  to  Fahringer  (1914),  some  of 
the  brood-cells  may  be  used  for  storing  pollen.  You 
will  notice  also  that  there  is  no  infraction  of  the 
Dzierzon  rule  in  Halictus,  no  parthcnogenetic  origin  of 
females,  and  that  Fabre’s  and  Armbruster’s  claims  to 
the  contrary  must  have  been  due  to  a  misinterpretation 
of  the  facts.  Stückhert’s  observations,  to  which  I 
shall  have  occasion  to  return  in  another  connection. 
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indicate  that  there  may  be  many  surprises  in  store  for 
us  when  the  life-histories  of  these  seemingly  monotonous 
and  uninteresting  bees  have  been  subjected  to  more 
careful  scrutiny  and  experimentation  on  other  continents, 
especially  in  South  America  and  Australia. 

The  higher  social  bees,  the  Bombinæ,  Meliponinæ 
and  Apinæ,  representing  the  most  highly  specialized 
forms  among  the  podilegous  division  of  the  family  Apidæ, 
present  so  many  knotty  problems  to  the  phylogenist 
that  a  whole  course  of  lectures  would  hardly  suffice  for 
their  adequate  consideration.  It  is  often  assumed  that 
these  three  sub-families  must  be  rather  closely  related, 
partly  because  their  morphological  structure  is  similar 
and  partly  because  they  all  secrete  wax  and  employ 
it  in  building  their  combs  and  brood-cells,  but  their 
habits  and  the  genesis  of  their  societies  are  so  diverse 
that  we  are  led  to  suspect  that  we  may  be  dealing  with 
three  convergent  developments  from  as  many  independent 
ancestral  sources  rather  than  with  three  diverging 
branches  of  a  common  stock.  The  colonies  of  such 
forms  as  Halictus  malachurus,  which,  as  we  have  seen, 
are  very  similar  to  those  of  the  Bombinæ,  are  also  very 
suggestive  in  this  connection.  My  time  is  so  limited 
that  I  shall  have  to  confine  myself  to  a  few  notes  on 
the  paleography,  secretion  of  wax,  the  degree  of 
polymorphism  and  the  methods  of  colony  formation 
in  the  three  sub-families. 

Social  bees  have  been  described  from  the  Baltic  amber 
(Lower  Oligocène),  Sicilian  amber  (Miocene)  and  various 
shales  of  the  Upper  Oligocène  and  Miocene  of  Europe, 
and  an  attempt  has  been  made  by  von  Buttel-Reepen 
(1906,  1915)  to  interpret  some  of  these  fossils  as  actual 
ancestors  of  our  modern  Apis  mellifica.  But  the  species 
placed  by  the  early  entomologists  in  the  modern  genera 
Bombus,  Melipona,  Trigona  and  Apis  on  recent  examina¬ 
tion  by  Cockerell  (1909a,  1909Ô),  a  specialist  in  bees, 
have  been  shown  to  belong  for  the  most  part  to  quite 
different  and  extinct  genera.  Of  the  species  of  Bombinæ 
described  from  the  Baltic  amber,  Bombus  pusillus  Menge, 
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is  only  three  millimetres  long  and  cannot  therefore  be 
a  Bombus  ;  B.  carhonaritis  Mcnge  and  Bombusoides 
mengei  Motschulsky  are,  according  to  Cockerell,  quite 
unrecognizable.  Of  the  five  species  of  Bombus  described 
from  the  Upper  Oligocène  and  Miocene,  Cockerell  (igoqa) 
has  shown  that  two,  B.  jurinei  and  ahavus,  belong  to 
the  genus  Xylocopa,  and  one  cannot  help  entertaining 
some  doubts  about  the  generic  identification  of  the  others, 
antiqiins  Heyden,  crassipes  Novak  and  grandcevus  Heer. 
Cockerell  (19096)  finds,  however,  three  distinct  genera 
allied  to  Bombus  in  the  Baltic  amber,  namely  Proto- 
bombus  with  two,  Chaleo  bombus  with  two  and  Sophro- 
bombus  with  a  single  species.  Protobombus  is  described 
as  being  more  closely  allied  to  Bombus  than  to  Apis  and 
possibly  in  the  direct  line  of  descent  to  the  former  genus. 
The  other  genera  represent  side  lines  not  leading  to  any 
of  our  modern  bees.  We  may  conclude,  perhaps,  that 
the  Bombinæ  were  a  larger  and  more  diversified  group 
during  the  Tertiary  than  they  are  at  the  present  time, 
since,  if  we  omit  the  parasitic  Psythinis,  there  is  now  only 
a  single  genus. 

Species  of  Melipona  and  Trigona  have  been  cited  from 
the  Baltic  amber  by  Brischke  and  Burmeister  (Hand- 
lirsch  1908),  but  Cockerell  regards  the  generic  references 
as  quite  worthless.  Nevertheless,  two  Meliponine  bees 
belonging  to  an  extinct  genus,  M eliponorytes  succini  and 
sicula,  have  been  adequately  described  and  figured  by 
Tosi  (1896)  from  the  more  recent  Sicilian  amber.  They 
are  of  unusual  interest  as  showing  that  the  sub-family, 
now  confined  to  the  Neotropical,  Ethiopian  and  Indo- 
australian  regions,  was  once  represented  in  Europe. 
Authentic  Meliponinae  may  therefore  occur  in  the  Baltic 
amber,  which  contains  so  many  insect  genera  that  are  at 
present  confined  to  Australia  and  the  East  Indies. 

The  two  fossil  species  of  Apis  adduced  by  von  Buttel- 
Reepen  (1906)  in  support  of  his  view  that  the  honey¬ 
bee  must  have  originated  in  Germany,  have  met  a  sad 
fate.  Apis  adaniitica  Heer,  from  the  Miocene  of  Oeningen, 
proves  to  be  a  Lithurgus,  i.e.,  a  gastrilegous  bee  allied 
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to  Megachilc,  according  to  Cockerell  {igoga),  and  von 
Buttel-Reepen’s  Apis  meliponoides  from  the  Baltic 
amber  has  been  shown  by  the  same  investigator  to  be,  not 
an  Apis,  but  the  type  of  a  new  genus,  Electrapis.  He 
admits  that  it  is  fairly  intermediate  betw^een  Apis  and 
Bombus  and  that  it  “  may  be  regarded  as  representing 
the  ancestral  stock  of  Apis  and  to  some  extent  that  of 
Bombus,  but  it  is  no  doubt  actually  a  side  branch  derived 
from  that  stock  and  not  strictly  in  the  line  of  descent 
leading  to  the  modern  genera  A  second  species, 
tornquisti,  doubtfully  referred  to  Electrapis  by  Cockerell, 
is  even  closer  to  Bombus.  The  Apis  prouva  of  Menge, 
also  from  the  Baltic  amber,  cannot  be  recognized  from 
the  description  and  probably  belongs  to  some  other 
genus.  Thus  we  are  left  with  practically  no  paleonto¬ 
logical  data  on  which  to  erect  a  “  Stammbaum  ”  hke 
that  of  von  Buttel-Reepen  for  the  Bombinæ,  Mehponinae, 
and  Apinæ. 

In  my  last  lecture  I  failed,  perhaps,  sufficiently  to 
emphasize  the  fact  that  there  is  a  very  striking  progress 
in  nidification  among  the  Diplopterous  wasps,  starting 
with  a  construction  of  the  nest  in  or  of  clay  or  earth, 
through  the  utilization  of  leaf-particles  for  the  same 
purpose  (Zethinæ)  to  the  nidification  of  the  five  social 
sub-families  which  fabricate  a  veritable  papier  mâché 
consisting  of  fine  vegetable  fibres,  agglutinated  with  an 
oral  secretion  .  This  evolution  is  paralleled  by  that  of 
the  bees.  Many  of  the  lower  solitary  forms  nest  in  the 
soil  or  make  earthen  cells,  while  higher  forms  use  a  great 
variety  of  vegetable  substances,  sometimes  even  a 
leaf-paste,  as  in  the  European  Osmia  inermis,  till  finally 
in  the  three  higher  social  sub-families  the  material  for 
the  brood  and  storage  cells  is  produced  exclusively  in 
the  form  of  a  unique  secretion,  known  as  bees'  wax. 
There  is,  therefore,  in  both  groups  a  similar  significant 
evolution  from  more  primitive  terricolous  or  humicolous 
to  more  aerial  (dendrobious,  or  arboricolous)  habits. 

While  there  is  no  evidence  that  any  of  the  solitary 
bees  secrete  wax,  von  Buttel-Reepen  (1903)  and  Friese 
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(1923)  have  called  attention  to  the  fact  that  in  freshly 
killed  and  drying  female  specimens  of  several  genera 
(Tetralonia,  Eucera,  Anthophora,  Pachymelus  and 
X3docopa)  there  exudes  from  between  the  abdominal 
segments  on  the  dorsal  side  a  substance  which  looks 
like  wax  though  its  chemical  analysis  (in  Tetralonia) 
reveals  nothing  but  the  presence  of  fat.  Wax,  however, 
being  also  one  of  the  lipins,  or  lipoids,  is  of  a  similar 
composition.  Friese  doulds  whether  these  masses  of 
fatty  exudate  can  be  utilized  by  the  solitary  bees, 
since  they  possess  no  apparatus  on  their  hind  legs  for 
removing  them  from  between  the  segments,  but  the 
matter  has  been  given  very  little  attention  and  we  are 
not  in  a  position  to  sa}^  that  more  definite  physiological 
stages  leading  up  to  the  wax-secretion  of  the  higher  social 
bees  may  not  exist  in  some  of  the  solitary  species, 
Heselhaus  (1922)  has  shown  that  the  glands  underlying 
the  large  velvety  areas  along  the  internal  orbits  in  Andrena 
and  the  glands  of  certain  abdominal  segments  in  Osmia 
are  structurally  very  similar  to  the  true  wax-glands  of 
the  honey-bees,  Bombinae  and  Meliponinæ  as  described 
by  Drey  ling  (1905).  The  structures  in  Andrena  and 
Osmia  certainly  do  not  produce  a  typical  wax.  In 
Andrena  the  secretion  may  perhaps  be  a  volatile  essential 
oil  and  the  facial  glands  may  therefore  be  scent-organs, 
though,  as  HeseUiaus  suggests,  their  proximity  to  the 
olfactory  organs  of  the  antennae  is  not  very  favourable 
to  such  an  interpretation.  The  regions  which  secrete 
the  wax  in  the  Bombinæ,  Meliponinæ  and  Apinæ  are 
known  to  have  a  different  distribution  on  the  abiomen 
and  in  the  individuals  of  the  various  castes.  In  Bombus, 
wax  is  secreted  both  dorsally  and  ventrally  by  both 
queens  and  workers  on  the  second  to  fourth  ab  lominal 
segments,  in  the  Meliponinæ  by  queens,  workers  and 
males  on  the  second  to  fourth  segments,  but  only  on  the 
dorsal  side  of  the  ab  lomen,  and  in  the  Apinæ  exclusively 
by  the  workers  and  only  on  the  ventral  side  of  the 
second  to  fifth  segments.  In  all  cases  the  secretion  is 
produced  by  young  individuals  only.  The  Bombinæ 
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would  seem,  therefore,  to  represent  the  most  primitive 
or  generalized  stage,  i.e.,  the  one  which  may  be  con¬ 
ceived  to  have  given  rise  to  the  condition  seen  in  the 
Meliponinæ  by  a  loss  of  the  glands  on  the  ventral  side 
of  the  abdomen  and  in  the  Apinae  by  their  loss  on  the 
dorsal  side.  There  are  also  some  interesting  differences 
in  the  method  of  employing  the  wax  in  the  three  sub¬ 
families,  the  Apinæ  using  it  in  its  pure  form,  the  Bombinae 
mixed  with  a  considerable  amount  of  pollen  and  fatty 
substances  (see  Armbruster’s  (1914)  citation  of  Sundwick’s 
analyses)  and  the  Meliponinæ  with  a  large  admixture  of 
earth,  resins  (propolis)  and  other  vegetable  matter. 

Since  I  propose  to  go  into  a  lengthy  discussion  of  the 
polymorphism,  or  caste  development  of  the  social 
insects  in  two  subsequent  lectures,  I  shall  here  merely 
touch  on  it  in  the  bees.  In  some  Halicti  and  in  Bombus 
the  female  has  developed  two  phases,  but  they  exhibit 
only  feeble  structural  differences  like  those  of  the  social 
wasps,  the  worker  being  smaller  than  the  queen,  incapable 
of  fecundation  and  therefore  either  sterile  or  capable 
of  laying  only  male-producing  ova.  The  differentiation 
is  carried  somewhat  farther  in  the  Meliponinæ  and  Apinæ 
and,  owing  to  differences  in  habits,  exhibits  a  significant 
reversal  of  the  conditions  seen  in  Halictus  and  Bombus, 
since  the  queen,  though  retaining  and  exaggerating  the 
fecundity  of  the  queens  of  these  forms,  shows  a  degenera¬ 
tive  reduction  of  the  pollen-collecting  apparatus  of  the 
hind  legs  and  of  portions  of  the  head  (smaller  size  of 
head  in  Meliponinæ,  reduced  mouth  parts  in  Apis). 

In  conclusion  something  may  be  said  about  the  various 
methods  of  colony  formation  among  the  Bombinæ, 
Meliponinæ  and  Apinæ  and  the  matter  of  monog5Tiy 
(“  monogamy  ”,  or  “  monometrosis  ”)  and  polygyny 
(”  polygamy  ”,  or  ”  pleometrosis  ”)  touched  upon  in 
the  preceding  lecture.  In  north  temperate  regions  the 
Bombus  colony  is  an  annual  development  initiated  by 
a  single  fecundated,  overwintering  queen  in  precisely 
the  same  manner  as  the  colonies  of  Vespa,  but  according 
to  R.  von  Ihering  (1903),  the  colonies  of  B.  carbonarius 
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and  cayennensis  in  Brazil  are  perennial  and  contain 
several  fecundated  queens  which  establish  new  colonies 
by  swarming,  like  many  of  the  tropical  social  wasps 
investigated  by  Ducke,  the  von  Iherings  and  Roubaud. 
According  to  Silvestri  (1902)  and  H.  von  Ihering  (1903) 
the  Meliponine  colonies  are  also  established  by  swarming. 
There  is  only  one  mother  queen  in  a  colony  and  since 
she  is  unable  to  fly  on  account  of  the  volume  of  her 
abdomen  and  the  relatively  small  size  and  often  mutilated 
state  of  her  wings,  the  swarms  of  workers  leave  the  nest 
with  the  young  queens  as  in  the  case  of  the  tropical 
wasps  and  humble  bees.  In  the  honey-bee,  as  is  well 
known,  there  is  also  only  a  single  mother  queen,  but  she 
preserves  her  powers  of  flight  and  leaves  with  a  swarm 
of  workers  as  soon  as  a  young  queen  is  about  to  emerge 
in  the  hive.  To  anticipate,  I  may  say  that  in  the 
Formicidæ  the  great  majority  of  species,  even  in  the 
tropics,  undoubtedly  establish  their  colonies  like  Vespa  and 
the  Bombi  of  temperate  regions,  though  colonies  may  also 
arise  by  swarming,  i.e.,  by  fecundated  females  leaving 
large  colonies  in  company  with  workers  and  occasion¬ 
ally  also  by  association  of  a  few  young  sister  queens 
(“  primary  pleometrosis  ”). 

Reserving  for  future  consideration  the  aberrant  cases 
of  certain  social  parasites,  we  may  therefore  distinguish 
four  types  of  colony  formation  in  the  social  Aculeata,  as 
follows  : — 

(1)  The  Vespa  type,  seen  also  in  the  northern  species 

of  Bombus  and  Polistes,  in  Halictus  and  most 
ants.  The  incipient  colony  is  epitomized 
in  a  single  fecundated  queen. 

(2)  The  Belonogaster  type,  occasionally  seen  also 

in  Halictus  and  some  ants  (Lasius,  Myrme- 
cocystus  (Wheeler  1917)),  etc.  The  beginning 
colony  consists  of  several  fecundated,  pro¬ 
bably  sister  queens. 

(3)  The  Melipona  type,  occurring  also  in  many 

tropical  Vespidæ  (Polistes,  Polybia,  etc.) 
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and  Bombus.  The  colony  at  first  consists 
of  a  single  fecundated  queen  and  a  number 
of  workers  which  are  her  sisters. 

(4)  The  Apis  mellifica  type,  not  known  to  occur  in 
any  other  insects.  The  new  colony  consists 
of  an  old  fecundated  queen  and  a  number  of 
her  worker  daughters. 

The  fourth  type  may,  perhaps,  be  a  variant  of  the 
third,  but  it  has  not  been  satisfactorily  explained,  though 
careful  investigation  of  the  other  species  of  Apis,  dorsata 
(Fig.  22)  and  florea,  of  the  Indomalayan  region  may  be 
expected  to  clear  up  some  of  the  difficulties.  The  Vespa 
tj^pe  is  monogynous  whereas  the  Belonogaster  and 
Mehpona  tj^pes  are  polygynous,  with  the  difference  that 
in  Belonogaster  the  individuals  founding  the  new  colony 
are  all  fertile,  whereas  in  Melipona  there  is  a  single 
fertile  and  a  number  of  sterile  individuals. 

The  von  Iherings,  Ducke  and  Roubaud  regard  the 
polygynous  as  the  more  primitive  and  the  monogynous 
as  a  derived  type,  which  has  arisen  in  the  northern 
wasps  and  bees  as  a  response  to  unfavourable  climatic 
conditions.  These  will  not  account,  however,  for  the 
almost  universal  monogyny  in  ants.  On  the  other 
hand,  we  might  say  that  the  colonies  of  Vespa  and 
northern  Bombi  each  year  produce  a  swarm  of  females 
and  workers,  but  that  the  advent  of  cold  weather 
destroys  the  less  resistant  workers  and  permits  only  the 
dispersed  fecundated  queens  to  survive  and  hibernate 
till  the  following  season.  It  seems  to  me  that  the  question 
as  to  which  method  is  the  more  primitive  may  be  purely 
academic  and  that  the  method  may  depend  on  the 
mutual  tolerance  or  animosity  of  the  queens.  This 
seems  to  be  shown  in  the  primitive  societies  of  Halictus 
(Stockhert  1923).  A  number  of  fecundated  sister 
queens  hibernate  peacefully  in  the  same  maternal 
burrow  but  with  the  arrival  of  spring  conflicts  break  out 
among  them  and  the  result  is  usually  a  monog}Tious 
colony.  In  some  cases,  however,  two  or  three  of  the 
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sisters  may  compose  their  differences  and  establish  a 
polygjmous  colony.  We  should  probably  observe  a 
similar  indeterminate  type  of  colony  formation  in  Vespa 
and  our  northern  Bombi,  if  the  fecundated  queens  were 
in  the  habit  of  hibernating  in  the  maternal  nest,  or  among 
the  ants  if  the  queens,  instead  of  dispersing  during  the 
marriage  flight,  congregated  in  convenient  cavities. 
Occasionally  several  queens  of  Lasius,  Formica  or 
Myrmecocystus  (Wheeler,  1917&)  may  actually  do  this, 
and  von  Buttel-Reepen  (1905)  has  witnessed  the  begin¬ 
ning  of  a  digynic  colony  of  Lasius  niger.  For  twelve 
months  a  couple  of  queens  of  this  ant  lived  very  amicably 
side  by  side  and  cared  for  their  brood  in  common,  but 
as  soon  as  the  first  workers  emerged,  they  violently 
attacked  each  other.  On  being  separated,  one  of  them, 
already  severely  wounded  by  her  sister,  was  killed  by  the 
workers,  so  that  the  colony  became  monogynous.  The 
instincts  of  the  two  queens  thus  underwent  a  sudden 
change  with  the  maturing  of  the  brood.  In  Halictus  a 
similar  change  supervenes,  but  at  a  much  earlier  stage 
of  colony  formation,  and  in  Belonogaster  it  seems  not 
to  occur.' 


^  Janet’s  observations  (1904)  show  that  in  mature  polygynous 
colonies  of  ants  (Solenopsis  and  Tetramorium)  kept  in  artificial  nests, 
the  queens  are  gradually  killed  off  by  the  workers  till  onlv  a  single  one 
remains.  Since  this  elimination  does  not  occur  in  wild  colonies,  Janet 
was  probably  right  in  suspecting  that  it  might  have  been  due  to  lack 
of  food  in  the  artificial  nests. 
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The  third  and  last  and  from  many  points  of  view  the 
most  interesting  group  of  social  Aculeates  comprises 
the  family  Formicidae,  or  ants.  It  is  essentially  a  tropical 
group  and  till  recently  our  knowledge  of  it  was  so  largely 
confined  to  the  rather  small  number  of  species  in  the 
north  temperate  zone,  that  no  comprehensive  description 
was  possible.  During  the  past  half  century,  however, 
Forel,  Emery,  Em.  André,  Santschi,  Viehmeyer,  Donis- 
thorpe,  Crawley,  Mann,  myself,  and  others,  building 
upon  the  foundations  laid  by  Latreille,  Frederick  Smith 
and  Gustav  Mayr,  have  been  endeavouring  to  complete 
the  taxonomic  edifice  of  the  family  and  to  gain  such 
knowledge  of  the  behaviour  of  the  species  as  was  incident¬ 
ally  possible.  Though  there  still  remains,  of  course,  a 
great  deal  to  be  done,  the  data  accumulated  have, 
nevertheless,  attained  imposing  dimensions.  They  are 
now  being  used  in  the  production  of  compendious  works, 
of  which  several  are  already  accessible  to  the  student. 
During  the  past  twenty  years  general,  semipopular 
volumes  on  ants  have  been  published  by  Forel  in  French, 
by  Escherich  (1917)  and  Brun  (1924)  in  German,  by 
Emery  in  Italian  (1915a)  and  by  Donisthorpe  (1915) 
and  myself  (1910a,  1923)  in  English.  Forel’s  “  Fourmis 
de  la  Suisse  ”  (new  edit.  1920)  and  especially  his  “  Monde 
Social  des  Fourmis  ”  (1921-23)  cover  the  field  so  well 
that  I  can  find  no  excuse  for  devoting  this  lecture  to  a 
survey  of  the  structure  and  behaviour  of  ants.  I  shall 
take  for  granted  that  you  have  some  acquaintance  with 
these  insects  and  shall  treat,  so  far  as  my  time  will  permit, 
only  a  few  general  matters  such  as  the  phylogeny  of 
the  family,  its  known  paleontological  record  and  its 
geographical  distribution.  In  later  lectures  I  shall 
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enter  into  somewhat  greater  detail  in  regard  to  some 
other  equally  controversial  matters. 

The  fact  that  the  family  Formicidae,  unlike  the  Vespidae 
and  Apidae,  consists  entirely  of  social  insects,  is  a  serious 
obstacle  to  a  determination  of  its  phylogeny.  Up  to 
the  present  time  6,000  different  forms,  i.e.,  species, 
subspecies  and  varieties  have  been  described  from  all 
parts  of  the  world,  and  it  is  probable  that  our  younger 
myrmecographers  will  be  able  to  raise  the  total  to  10,000 
long  before  the  end  of  the  present  century.  Since 
there  can  be  scarcely  half  as  many  forms  of  termites, 
the  ants  are  far  and  away  the  largest  group  of  social 
insects.  According  to  Forel  and  Emery,  the  family 
Formicidae  comprises  five  subfamihes,  the  Ponerinae, 
Doryhnae,  Myrmicinae,  Dolichoderinæ  and  Formicinæ 
(Camponotinae).  The  Ponerinæ  are  a  primitive  but 
rather  heterogeneous  group  (Fig.  24).  The  Dorylinae 
comprise  the  famous  driver  ants  of  Africa  (Fig.  39)  and 
the  army  ants,  or  “  ants  of  visitation  ”  of  the  American 
tropics.  The  Myrmicinae  are  a  large  and  very  hetero¬ 
geneous  assemblage  of  genera,  which  are,  nevertheless, 
easily  recognized  by  the  two  small  petiolar  segments  of  the 
abdomen  in  all  the  castes  (Figs.  26,  48,  and  72).  The 
Dohchoderinae  (Fig.  79)  and  Formicinæ  (Fig.  51)  are 
both  characterized  by  a  single  small  petiolar  segment 
but  differ  in  the  shape  of  the  gizzard,  anal  aperture 
and  the  character  of  the  poison  glands.  I  have  recently 
recognized  two  other  subfamilies,  the  Cerapachyinæ 
(Fig.  25),  formerly  included  among  the  Ponerinæ,  and 
the  Pseudomyrminæ,  formerly  placed  among  the 
Myrmicinæ.  It  seems  to  me  that  an  eighth  subfamily 
should  be  created  for  the  very  aberrant  and  specialized 
tribe  Leptanillini,  which  Emery  has  placed  among  the 
Dorylinæ.'  In  the  future  the  Myrmicinæ  will  probably 
be  resolved  into  several  subfamilies.  The  series  of 
subfamilies  which  may  be  recognized  at  present,  with 
their  most  general  distribution  are  the  following  ; — 

‘  Dr.  G.  C.  Wheeler  (1928)  has  shown  that  the  larva  of  Leptanilla  is 
very  ditlerent  from  that  of  any  other  ant-genus. 
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Dorylinas — tropical  and  sub-tropical. 

Cerapachyinae — tropical  and  sub-tropical. 

Ponerinae — very  largely  tropical. 

Leptanillinae — tropical  and  sub-tropical. 

Pseudomyrminae — tropical. 

Myrmicinas — cosmopolitan. 

Dolichoderinae — largely  tropical. 

Formicinae — cosmopolitan. 

It  will  be  seen  that  nearly  aU  the  North  American 
and  European  ants  belong  to  only  two  of  the  subfamihes, 
the  Myrmicinæ  and  Formicinae. 

There  has  been  considerable  discussion  concerning  the 
relationship  of  the  various  subfamihes  to  one  another, 
and  Handhrsch  (1924)  has  recently  pronounced  this 
discussion  to  be  futile,  since  each  of  the  five  recognized 
by  Forel  and  Emery  contains  both  primitive  and  highly 
speciahzed  forms.  But  a  general  appreciation  of  each 
subfamily,  based  on  a  careful  estimate  of  all  the  genera, 
shows  that  the  average  differentiation  of  the  larger 
groups  is  very  unequal  and  that  some  of  the  subfamihes 
as  wholes  are  reaUy  very  primitive  (Doryhnae,  Cera¬ 
pachyinae,  Ponerinae)  whereas  others  are  highly  speciahzed 
(Dolichoderinae,  Formicinae).  There  are,  moreover, 
annectant  groups,  hke  the  Cerapachyinae,  which  hnk 
the  Ponerinae  with  the  Doryhnae  ;  Rhopalomastix, 
which,  according  to  Forel,  seems  to  connect  the  Ponerinae 
and  Myrmicinæ  ;  and  Aneuretus,  which  seems  to  attach 
the  Dohchoderinæ  to  the  Ponerinæ.  Furthermore, 
there  are  certain  general  morphological  and  ethological 
tendencies  such  as  the  progressive  reduction  of  the 
sting  in  the  more  speciahzed  subfamihes  (some  Myrmi¬ 
cinæ,  nearly  all  Dohchoderinæ  and  ah  Formicinæ), 
the  transition  from  terricolous  to  arboricolous  habits, 
which  I  shall  consider  later,  and  the  evolution  from 
a  pronounced  entomophagous  to  an  aphidicolous  and 
vegetarian  (spermatophagous,  mycetophagous)  diet,  an 
evolution  strangely  analogous  to  that  of  man,  as  first 
conceived  by  Condorcet,  from  the  hunting  and  pastoral 
to  the  agricultural  stage,  or  Auguste  Comte’s  three 
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I-'ic;.  26.  Two  sintiLilar  Myrmicinc  ants.  a.  Pridomyni/a  ruficeps  abdonihialis  var. 
pulcbra  Ford,  from  (Queensland.  b.  P/animyrma  loriai  Hmerv,  from  New 
Guinea,  (.\fter  .\.  Forel.) 
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stages  of  conquest,  defence  and  industry’  in  human 
histor3^  I  believe,  therefore,  that  the  discussion  of  the 
interrelationships  of  the  Forinicid  subfamilies  is  not 
altogether  futile.  Handlirsch,  who  has  constructed  so 
many  “  Stammbaume  ”,  may  be  pardoned  for  disliking 
those  of  other  h\TOenoptcrists,  but  he  is  hardly  consistent 
in  regarding  their  construction  as  a  useless  occupation. 
They  are  after  all  only  graphic  expressions  of  conceivable 
phylogenetic  relationships  and  have  neither  more  nor 
less  value  than  other  schemes  of  epitomizing  our  pro¬ 
visional  notions  in  obscure  fields  of  investigation.  If, 
therefore,  contrary  to  the  eminent  Austrian  entomo¬ 
logist’s  opinion,  we  venture  to  construct  an  ancestral 
tree  of  the  Formicid  sub-families,  it  would  look  some¬ 
thing  like  Fig.  23. 

The  Ponerinas  represent  the  primitive  stock  from  which 
the  other  subfamilies  are  conceived  to  have  radiated,  and 
the  amount  of  specialization  to  which  they  have  severally 
attained  is  indicated  roughly  by  the  level  of  their  names. 

There  is  one  question  which  has  not  been  explicitly 
discussed  by  myrmecologists  though  it  is  suggested  by 
our  account  of  the  Vespidæ  and  Apidæ  and  that  is  : 
Are  the  various  subfamilies  of  ants  really  derived  from 
a  common  stock  or  are  they  poly phy let ic  like  the 
various  social  subfamilies  of  wasps  and  bees  ?  In  the 
preceding  diagram  they  are  treated  as  monophyletic.  This 
is  the  view  taken  by  Forel  in  igio  and  by  myself  in  1920. 
Emerjq  however,  has  indicated  a  polyphyletic  origin  of 
the  subfamilies  in  the  following  schema  published  in  1920  ; 

Prodorylinæ  (Cerapachyinæ) - Dorylinæ. 

-Euponerinæ 

ilyoponini,  Ectatommini,  Proceratini 

Myrmeciini  (  continuing  the  stock  with 
j  the  minimum  amount  of 
Platythyreini  1  differentiation. 

-Myrmicinæ 
Uolichoderinæ 
-Formicinæ  (Camponotinæ) 
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Here  at  least  four  independent,  parallel  lines  of 
development  are  suggested  as  arising  from  the  hypo¬ 
thetical  ancestral  stock  of  the  Formicidas,  which  lies 
even  further  back  than  the  Proponerinae,  the  putative 
ancestors  of  the  Ponerinæ.  If  we  take  Emery’s  point 
of  view,  therefore,  we  have  much  the  same  situation  as 
in  the  social  Vespidas,  for  the  hypothetical  ancestors 
must  have  been  very  primitive  and  in  all  probability 
solitary  or  subsocial  Aculeates.  It  is  clear  that  if  all 
solitary  Vespids  and  Apids  had  become  extinct  and  only 
the  social  forms  had  survived,  we  should  very  probably 
regard  them  as  monophyletic  families.  On  the  other 
hand,  the  various  Formicid  subfamilies  are  all  very 
closely  related  and,  as  already  stated,  seem  even  to  be 
united  by  annectant  groups.  I  deem  it  more  probable, 
therefore,  that  the  family  as  a  whole  is  really  mono¬ 
phyletic. 

Our  next  task  is  to  determine  among  the  solitary 
Aculeates  the  precise  locus  of  origin  of  the  ants  so  far 
as  this  is  possible  with  the  aid  of  morphology,  paleography 
and  ethology.  The  impression  conveyed  by  the  ants  as 
a  whole  is  that  of  a  sharply  circumscribed  and  very 
ancient  or  archaic  family.  The  archaic  aspect  is  revealed 
in  the  many  genera  and  species  which  combine  obviously 
very  old  with  highly  specialized  characters,  in  the  pro¬ 
nounced  sexual  dimorphism,  since  the  differences,  apart 
from  the  wings,  between  the  males  and  females  is  greater 
than  in  any  other  Aculeates,  and  in  the  extremely  special¬ 
ized  worker  caste,  which  is  not  only  always  wingless  but 
always  differs  much  more  from  the  fertile  female,  or  queen 
in  the  structure  of  the  head,  thorax  and  abdomen  than  in 
the  social  Vespidæ  and  Apidæ.  All  these  differences  are 
indications  of  a  very  long  evolution,  apparently  much 
longer  than  that  of  the  social  wasps  or  bees.  Obviously, 
the  ancestors  of  the  Formicidas  are  not  to  be  sought 
among  the  Sphecidae,  or  Fossores,  but  on  account  of  the 
thoracic  structure,  wing-venation,  absence  of  strigils 
on  the  hind  legs,  etc.,  among  the  Vespoids,  or  Vespi- 
formia.  The  Diploptera  (Vespidæ)  and  Pompilidæ 
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may  also  be  eliminated  as  possible  ancestors  on  morpho¬ 
logical  grounds.  We  are  reduced,  therefore,  to  the 
series  of  families  (see  p.  56)  constituting  the  most 
ancient  section  of  the  Aculeate  sub-order,  the  Sapygidæ, 
Scoliidæ,  Tiphiidæ,  Thynnidæ,  Methocidæ,  Plumariidæ, 
Mutillidæ,  Apterogynidæ,  Fedschenkiidæ,  and  Antho 
boscidæ.  The  behaviour  pattern  of  these  insects,  so  far 
as  known,  is  very  uniform  and  of  a  more  primitive 
type  than  that  of  the  Pompilids,  solitary  Vespids  and 
Sphecids,  since  they  behave  precisely  like  parasitoids 
and  merely  seek  out  and  paralyse  their  insect  prey  and 
oviposit  on  it  in  situ,  or  in  rare  instances  (Sapygidæ) 
act  as  parasites  of  bees  and  Sphecids. 

Writers  have  not  been  slow  in  taking  advantage  of 
the  opportunitiy  here  afforded  for  differences  of  opinion 
in  regard  to  the  family  most  closely  related  to  the 
Formicidæ.  Most  of  them,  following  Latreille,  have 
settled  on  the  Mutillidæ,  but  others  have  pointed  to  ant¬ 
like  traits  in  nearly  every  one  of  the  other  families  of 
Heterogyna  (Bbmer’s  superfamily  “  Formicina  ”  ).* 

According  to  Borner  (1919),  an  ideal  ant  might  be 
constructed  by  combining  the  hind  wings  of  a  male 
Mutilla  with  the  maxillæ  of  a  Myrmosid,  the  tibial  spurs 
of  a  Methocid  and  the  cranium  of  a  Sapygid.  He  actually 
regards  the  Plumariidæ  as  a  subfamily  of  Formicidæ 
and  Plumarius  as  “  perhaps  the  most  ancient  of  ant- 
forms  ”.  Now  while  his  suggestion  that  the  cranium 
of  ants  is  more  primitive  than  those  of  Scoliids,  Thynnids 
and  Mutillids  is  interesting,  it  is  evident  that  the  Sapygids 
and  very  probably  the  Plumariids  are  in  many  respects 
less  like  the  ants  than  any  of  the  other  families  of 
Heterogyna.  The  Sapygidæ  are  known  to  be  parasitic 

*  Both  Borner  (1919)  and  Handlirscli  do  a  good  deal  of  lumping  in 
this  group.  The  latter  (1924)  recognizes  only  four  families,  the  Sapy- 
gidae,  Rhopalosomatidae  (which  I  have  placed  in  the  Bethyloidea), 
Mutillidæ  and  Formicidæ,  and  treats  the  other  groups  above  mentioned 
as  subfamilies.  His  Mutillidæ,  therefore,  include  as  sub-families 
the  Mutillinæ,  Anthoboscinæ,  Scoliinæ,  Fedschenkiinæ,  Pterombinæ, 
Thynninæ,  Methocinæ,  Myrmosinæ,  Apterogyninæ,  and  (?)  Brado- 
bæninæ.  The  Plumariidæ,  he  believes,  constitute  an  independent 
super-family,  which  he  places  at  the  beginning  of  the  Aculeate  series. 


no 
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on  solitary  bees.  The  habits  of  Sapyga  quinquepunctata 
as  described  by  Fabre  (1890),  and  those  of  S.  similis 
as  described  by  Nielsen  (1902),  show  that  they  behave 
like  Terebrants  and  use  their  long  ovipositor-like  sting 
for  piercing  the  wall  of  the  bee’s  cell  and  laying  the  egg 
near  or  on  the  egg  of  the  host.  The  young  Sapyga  larva 
after  devouring  the  latter  proceeds  to  devour  the  supply 
of  bee-bread.  On  account  of  this  vegetarianism, 
Nielsen  would  place  the  Sapygidæ  among  the  Apidæ, 
where  they  were  once  placed  by  Curtis  (near  the  parasitic 
bees  of  the  genus  Nomada)  “  or  rather  in  an  independent 
allied  family 

The  singular  Plumariids  are  known  only  from  the  male 
sex.  There  are  only  two  genera,  Plumarius  (Konowi- 
ella)  in  Argentina  and  Chile  and  Myrmecopterina 
(Archihymen)  in  South  Africa  (see  Enderlein  (1914)  and 
Brues  (1924)),  a  distribution  which  indicates  that  the 
family  is  very  old.  The  wing-venation  is  much  more 
primitive  than  that  of  ants  and  the  antennae  and  abdomen 
are  quite  different.  The  female  is  probably  wingless.* 

“  If  Rohwer’s  statement  in  the  “  Hymenoptera  of  Connecticut  ” 
(1916,  p.  620)  is  correct  that  one  of  our  North  American  Sapygas  has 
been  bred  from  the  cells  of  a  mud  wasp  (Sceliphron  cementarium),  the 
genus  would  contain  at  least  one  entomophagous  species. 

*  Bradley  (1921)  while  lecturing  to  the  "  Société  Scientifique  du 
Chili  ”,  and  after  speaking  of  the  probable  absence  of  all  Myrmosidae 
in  South  America,  made  the  following  remarks  on  Plumarius:  "  But 
you  have  here  in  their  stead,  and  with  similar  habits,  the  most  inter¬ 
esting  of  all  Chilean  Hymenoptera.  Very  many  years  ago  your 
learned  fellow-member,  the  late  Dr.  R.  A.  Philippi,  described  a  remark¬ 
able  hymienopterous  insect  to  which  he  gave  the  name  Phimanus. 
Because  of  its  peculiar  structure  all  writers  down  to  the  present 
day  have  been  puzzled  to  know  to  what  family  to  assign  it,  and  I  doubt 
if  any  outside  of  Chile  have  known  more  of  it  than  Philippi’s  figure 
and  description.  Even  within  the  past  few  years  Szepligeti  has 
included  it  in  his  synopsis  of  the  Braconidae  for  the  Genera  Insectorum. 
A  few  years  ago  a  genus  was  described  for  an  Argentine  wasp,  under 
the  name  of  Konowiclla.  Before  leaving  the  United  States  I  became 
convinced  of  the  fact  that  Konowiella,  of  which  Prof.  C.  T.  Brues 
had  shown  me  some  specimens,  was  synonymous  with  Plumarius, 
and  that  their  true  position  could  only  be  in  the  family  Mutillidæ, 
MjTmosidæ,  or  a  new  closely  allied  family  to  be  erected  for  them. 
I  further  concluded  that  they  must  be  nocturnal  inhabitants  of  arid 
regions,  taking  in  the  South  American  desert  fauna  a  position  analo¬ 
gous  to  that  occupied  in  North  America  by  the  Myrmosid  genus 
Prachycystis  referred  to  above.  On  talking  to  Argentinian  entomo¬ 
logists,  I  could  not  obtain  confirmation  of  my  suspicion  that  they  are 
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Very  little  is  known  concerning  the  Fedschenkiidæ 
and  Anthoboscidæ,  in  which  the  females  as  well  as  the 
males  possess  wings.  Only  two  species  of  Fedschenkia 
are  known,  both  from  Turkestan  (Ern.  André,  1903). 
The  only  species  of  Anthoboscidæ  I  have  seen,  our 
Northern  American  Sierolomorpha  ambigua,  while  very 
primitive,  seems  to  be  too  simple  to  be  regarded  as  near 
the  hypothetical  Formicid  ancestor.  The  Mutillidæ, 
Apterogynidæ,  Thynnidæ,  Myrmosidæ  and  Methocidæ 
all  have  apterous  females  and  cannot  on  that  account 
be  regarded  as  ancestral  groups.  In  this  I  concur  with 
Handlirsch  and  dissent  from  Forel  and  Emery.  In 
his  important  paper  on  the  Dorylinæ  (1896),  Emery 
rejected  the  Thynnids  which  Forel  had  included  among 
the  possible  ant  ancestors  but  says  :  “  I,  therefore, 

agree  in  the  main  with  Forel,  but  would  more  forcibly 
emphasize  the  statement,  that  the  ancestors  of  the  ants 
were  closely  related  to  the  older  forms  of  the  Mutillidæ 
and  even  belonged  morphologically  to  that  family  ” .  The 
relation  to  Thynnids  he  regarded  as  “  merely  a  collateral 
one  based  on  their  common  derivation  from  Mutillids  ”. 
Emery  was  evidently  led  to  take  this  view  on  account 
of  the  generalized  male  genitalia  of  the  Mutillids,  the 
apterous  condition  of  the  female  Doiydine  ants  and  the 
peculiarly  ant-like  abdominal  pedicel  of  Apterogyna. 
But  the  wing-venation  of  this  genus,  which  Ern.  André 
and  Emery  include  among  the  Mutillidæ,  is  peculiarly 
specialized  and  very  different  from  that  of  the  Formicidæ. 
Although  Emery  was  well  aware  of  the  obstacle  presented 
by  the  wingless  condition  of  female  Mutillids,  he  boldly 
maintained  that  the  females  of  ants  were  originally 
wingless  but  had  later  acquired  perfectly  developed 


nocturnal.  .Accordingly  imagine  my  delight  on  burning  a  trap  lantern 
two  successive  nights  at  Potrerillos  in  the  Eastern  Andes,  to  obtain 
nearly  one  hundred  of  these  insects  belonging  to  several  species. 
Subsecjuently  when  Mr.  Carlos  Silva  Figueroa  showed  me  the  collection 
of  the  Museo  Nacional,  one  of  the  first  things  to  attract  my  attention 
was  a  specimen  of  these  insects,  labelled  ''  Plumarius  ”,  in  the  hand¬ 
writing  of  Dr.  Philippi,  proving  conclusively  the  identity  of  Kono- 
wiellu  with  that  genus.  It  is  my  early  intention  to  publish  a  study 
of  these  insects  ”,  etc. 
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wings  by  inheritance  from  the  males  !  McClendon  and  I 
(1903)  criticized  this  extraordinary  opinion  many  years 
ago,  but  in  1920  the  Italian  myrmecologist  states  that  he 
is  of  the  same  opinion  still,  though  in  the  next  para¬ 
graph  he  shows  that  he  now  holds  a  very  different 
opinion,  namely  that  the  ancestral  ants  really  had  two 
kinds  of  fertile  females,  one  winged  and  one  apterous, 
an  opinion  which  I  am  glad  to  share  {vide  infra). 

We  are  thus  reduced  to  the  only  two  remaining 
families,  the  Scoliidæ  and  Tiphiidae,  which  are  commonly 
combined  as  a  single  family.  They  were  regarded  by 
Handlirsch  in  1893  and  1908  as  most  closely  related  to 
the  ants,  and  in  1924  he  says  :  "  I  regard  it  as  certain 
that  the  ancestral  ants  had  winged  males  and  females 
and  a  well-developed  sting.  At  any  rate,  there  was  only 
one  segment  developed  as  a  petiole.  This  ancestral 
group  of  the  ants  can  no  more  be  derived  from  the 
Mutillids  than  from  the  Thynninæ,  Methocinæ  or 
Apterogyninæ.  We  must  therefore  go  back  to  still 
more  primitive  forms.  The  Plumariidæ,  however,  seem 
not  to  represent  the  point  of  origin,  because  their  antennae 
are  much  too  highly  specialized  ”. 

It  seems  to  me  that  the  group  which  deserves  the  most 
serious  attention  in  connection  with  the  ancestry  of 
ants  is  the  Tiphiidae  and  especially  the  genus  Elis 
(Myzine)  since  it  resembles  the  ants  in  the  shape  of  the 
eyes,  the  wing-venation  and  the  generalized  tendency 
to  constrictions  between  all  the  abdominal  segments, 
so  reminiscent  of  certain  Cerapachyinæ  (Sphinctomyrmex, 
Zasphinctus,  Euphinctus  and  Doiylinae  (Leptanilloides).* 

’  Apparently  none  of  the  taxonomists  has  noticed  that  the  ants  are 
peculiar  in  possessing  a  pair  of  large  glands  in  the  posterior  portion  of 
the  thorax  (see  Janet,  18986).  They  appear  to  be  present  in  all  the 
species  and  all  the  castes  and  open  near  the  insertions  of  the  hind  coxae. 
In  some  ants,  e.g.,  the  East  Indian  species  of  Crematogaster  of  the 
subgenus  Physocrema,  the  chambers  and  tissues  of  these  glands  are 
so  large  that  the  whole  metathorax  is  conspicuously  swollen.  I  have 
been  unable  to  detect  any  distinct  traces  of  the  structures  in  question 
in  other  Aculeates  or  in  the  lower  sub-orders  of  Hymenoptera.  Before 
their  taxonomic  significance  can  be  appreciated  it  will  be  necessary 
to  make  a  comprehensive,  comparative  investigation,  with  surface 
preparations  and  sections  of  the  metastemal  region  in  the  various 
Hymenopterous  families. 
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It  is  interesting  to  note  that  this  ver\'  family  Tiphiidæ 
has  affinities  in  structures  and  habits  with  the  Bethylidæ, 
considered  in  a  former  lecture.  Probably  all  three 
convergent  groups,  the  Bethjdidae,  Tiphiidæ  and  Formi- 
cidæ,  had  a  common  origin  among  extinct  forms,  which 
may  be  conceived  to  have  resembled  the  existing 
Bethylids  in  habits.  They  probably  hunted  insect 
prey,  paralysed  and  carried  it  into  their  burrows  and 
laid  their  eggs  on  it,  the  mother  insect  remaining  with 
her  young  till  they  had  matured.  From  such  a  sub¬ 
social  stage  we  might  pass  rather  easily  to  the  social 
stage  now  existing  among  all  ants  by  assuming  that  the 
emerging  daughters  became  attached  to  their  mother 
and  brought  their  prey  into  the  maternal  burrow. 
Eventually  a  physiological  division  of  labour  gradually 
developed  among  the  associated  individuals  through 
the  colon5'-founding  female  learning  to  feed  her  first 
brood  with  her  saliva  or  eggs  instead  of  with  prey  while 
her  daughters  became  sterile  nurses  of  her  subsequent 
broods.  We  may  assume  also  that  these  ancient 
Bethyloid  or  Tiphioid  ant-ancestors  had  both  winged 
and  wingless  females  like  Scleroderma  (see  p.  62). 
This  assumption  would  furnish  the  necessary  starting 
point  for  the  three  forms  of  females,  fertile  and  winged, 
fertile  and  apterous,  and  sterile  and  apterous  (workers) 
which  we  find  among  existing  ants  and  thus  avoid  Emery’s 
inherentl}^  improbable  derivation  of  alate  from  apterous 
females  through  inheritance  of  wings  from  the  males. 
The  present  aptery  of  the  females  of  Mutillidæ,  Thynnidæ, 
etc.,  might  also  be  traced  to  the  female  dimorphism 
of  remote  Betliyloid  ancestors,  but  we  should  have  to 
assume  that  in  them  no  advance  occurred  in  behaviour 
pattern  even  to  a  sub-social  stage  like  that  of  Sclero¬ 
derma.  Perhaps  the  only  result  of  this  discussion,  which, 
I  fear,  has  been  pushed  to  the  jioint  of  ennui,  is  that  the 
Formicidæ  bear  much  the  same  phylogenetic  relations  to 
the  lowermost  families  of  Aculeata,  and  es])ecially  to  the 
Tiphiidæ  and  Bethylida',  that  the  social  Vespids  bear  to 
the  Eumeninæ  and  the  bees  to  the  family  Sj)hecidæ. 
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Our  perspective  of  the  remote  origin  of  the  Formicidae 
as  suggested  by  their  morphology  and  that  of  other 
families  of  Heterogyna  is  deepened  when  we  come  to 
consult  the  fossil  record.  Here  we  are  on  somewhat 
safer  ground  than  in  the  paleographic  study  of  the  other 
Aculeate  families,  because  ants  are  the  most  abundant 
insects  in  the  Tertiary  formations.  We  can  trace 
them  as  far  back  as  the  Eocene,  but  from  this  period  few 
specimens  are  known.  The  number  from  the  Oligocène 
and  Miocene,  however,  is  considerable,  and  although 
the  described  species  of  Formicidas  are  less  numerous 
than  the  total  number  of  species  of  the  other  Hymen- 
opterous  families  the  specimens  are  so  much  more 
abundant  that  our  knowledge  of  the  individual  forms 
is  decidedly  more  satisfactory.  Thus  up  to  the  present 
time  11,711  ants,  representing  only  ninety-three  species, 
have  been  examined  from  the  Baltic  amber  (Fig.  28). 
Of  these  1461  were  studied  by  Mayr  (1868),  690  by 
Ernest  André  (1895),  and  9,560  by  myself  (1914). 
Much  uninvestigated  material  from  other  formations 
has  been  accumulated  in  museums.  Many  years  ago 
several  American  museums  loaned  me  for  study  some 
8,000  ants  from  the  Miocene  shales  of  Florissant,  Colorado, 
but  incessant  pressure  of  other  work  has  prevented  me 
from  making  even  a  satisfactory  generic  determination 
of  the  specimens.  One  of  my  students,  Mr.  F.  M. 
Carpenter,  is  now  monographing  them  with  my  assistance. 
Nearly  eighty  years  ago  Heer  (1849)  described  a  number 
of  similarly  preserved  fossil  ants,  also  of  Miocene  age, 
from  the  shales  of  Oeningen,  in  Baden  and  Radoboj, 
in  Croatia,  but  his  generic  allocations  are  so  dubious 
as  to  be  useless.  Fortunately  a  number  of  his  specimens 
w'ere  later  re-examined  and  reinterpreted  by  the  cele¬ 
brated  myrmecologist,  Gustav  Mayr  (1867).  A  small 
but  extremely  interesting  series  of  species  was  described 
in  1891  by  Emery  from  the  Sicilian  amber  of  Middle 
Miocene  age  (Fig.  27).  More  recently  Cockerell  (1915, 
1920a)  and  Donisthorpe  (1920)  have  described  several 
species  from  the  Eocene  and  Middle  Oligocène  of  England. 
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In  his  monumental  work  on  fossil  insects,  Handlirsch 
(190S)  listed  nearly  300  species  of  Tertiary  ants,  but  I 
fail  to  find  among  them  and  the  species  since  described 
more  than  i6g  with  adequate  generic  determinations, 
and  this  is  probably  a  too  liberal  estimate. 

Confining  ourselves  first  to  the  European  Tertiary 
we  find  that  only  two  species  are  known  from  the 
Eocene  (Bagshot  Beds  of  Bournemouth).  They  were 
described  by  Cockerell  (1920)  as  Formica  heteroptera 
and  Œcophylla  bartoniana,  both  from  anterior  wingsd 

Although  the  specimens  are  undoubtedly  typical  ant 
wings,  they  are  inadequate  for  generic  identification. 
All  we  can  say  in  regard  to  them  is  that  true  ants,  pro¬ 
bably  belonging  to  the  most  highly  specialized  subfamily 
Formicinae,  lived  during  Eocene  times  in  what  is  now 
England.  For  the  sake  of  the  utmost  brevity  I  have 
condensed  the  available  data  on  the  Eocene,  Oligocène 
and  Miocene  ants  of  Europe  in  the  table  on  page  116. 

You  will  notice  that  the  169  species  belong  to  fifty-four 
genera,  twenty-seven  or  half  of  which  are  extinct' 
whereas  the  remaining  half  are  almost  equally  divided 
between  extant  genera  now  represented  by  species  in 
Europe  and  other  continents  and  genera  which  are  at 
present  confined  to  the  Indoaustralian  region.  To  the 
latter  also  many  of  the  extinct  genera  are  related.  The 
table  shows  these  fact';  most  clearly  for  the  Lower 
Oligocène  (Baltic  amber),  which  is  the  oldest  formation 
from  which  many  ants  have  been  obtained.  This 
is  largely  due,  no  doubt,  to  the  great  number  and 
very  beautiful  preservation  of  the  specimens.  The 
highest  number  of  Indoaustralian  genera  is  shown  in 
the  Sicilian  amber  (Middle  Miocene),  in  which  of  the 
sixteen  species  representing  fourteen  genera,  eight  are 
Indoaustralian,  only  three  extinct  and  only  three  now 
represented  in  Europe  and  other  regions.  Unfortunately 

'  Cockerell  compares  the  F.  heteroptera  wing  with  that  of  Colobopsis 
stricla  Jenlon  of  India,  for  what  reason  I  cannot  imagine,  since  Colo¬ 
bopsis,  like  all  the  other  sub-genera  of  Camponotus,  lacks  the  discoiJal 
cell  which  is  present  in  the  fossil  specimen. 
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ants  and  other  insects  are  not  nearly  so  abundant  in  the 
Sicilian  as  in  the  Baltic  amber. 

Apart  from  the  Miocene  of  Florissant,  to  which  I 
have  already  alluded,  the  North  American  Tertiary 
formations  have  yielded  very  few  ants.  Scudder  (1890) 


Geological  Periods. 

Number  of  Species. 

Number  of  Genera. 

Number  of  Extinct  Genera. 

Number  of  Palearctic  or 

Cosmopolitan  Genera. 

Number  of  Indoaustralian 

Genera. 

Upper  Miocene 

6 

3 

— 

2 

I 

Middle  Miocene 

16 

14 

3 

3 

8 

Lower  Miocene 

28 

12 

2 

8 

2 

Upper  Oligocène 

5 

5 

I 

3 

I 

Middle  Oligocène 

19 

8 

3 

4 

2 

Lower  Oligocène 

93 

43 

19 

15 

9 

Eocene 

2 

2 

— 

I 

I 

Total 

169 

54 

27 

15 

12 

referred  four  species  from  the  Oligocène  of  Ouesnel, 
British  Columbia  to  the  well-lmown  modem  genera 
Aphaenogaster,  Myrmica,  Dolichodems  and  Formica, 
and  Cockerell  (igo6a)  has  described  a  Ponera  Jiendersoni 
from  Florissant,  but  the  perusal  of  the  descriptions  and 
study  of  the  figures  leaves  me  very  doubtful  in  regard 
to  tlie  generic  identification  of  all  these  insects.  Six 
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species  have  been  recorded  from  the  Eocene  and  are  of 
;  peculiar  interest  because,  with  the  exception  of  the  two 
I  from  Bournemouth,  England,  they  are  the  oldest 
known  ants.  Three  of  them  were  described  by  Scudder, 

1  namely  Camponotus  veins  and  Liometopum  pinque  from 
I  the  White  River  Eocene  of  Colorado  and  Lasiiis  terreus 
from  the  Green  River  Eocene  of  Wyoming.  I  regard 
the  generic  identifications  as  very  doubtful.  The  other 
three  species,  recently  described  by  Cockerell  (192 la, 
1923a,  1923&),  are  Eoformica  eocenica  and  Archimyrmex 
rostmtus  from  the  Green  River  formation  and  Formica 
eoptera  from  the  Upper  Eocene  (Jackson)  of  Texas. 
Eoformica  and  Archimyrmex  are  described  as  extinct 
genera.  The  former,  which  Cockerell  believes  may 
possibly  be  identical  with  Scudder’s  Liometopum  pinque 
is  certainly  not  related  to  Formica  or  Liometopum, 
Cockerell’s  restoration  of  the  head  as  seen  from  the  front 
cannot  be  harmonized,  at  least  so  far  as  the  eyes  and 
ocelli  are  concerned,  with  the  profile  head  on  his  photo¬ 
graph  of  the  fossil.  All  that  can  be  said  from  examina¬ 
tion  of  the  figure  is  that  the  specimen  is  a  male,  possibly 
of  some  Formicine.  Cockerell  believes  it  to  be  related 
to  Œcophylla  but  this  is  very  questionable.  He  also 
believes  that  his  Archimyrmex  rostratus  is  a  Ponerine 
near  Prionomvrmex  (Fig.  28)  of  the  Baltic  amber  and 
the  living  Myrmecia  of  Australia,  but  to  judge  from  the 
figure  the  specimen  is  more  probably  a  Myrmicine. 
This  is  suggested  by  the  shape  of  the  petiole,  the  blunt 
or  broken  (.^)  spine  on  the  epinotum  and  the  shape  of  the 
head,  which  is  unlike  that  of  the  existing  Ponerinae. 
Eoformica  eocenica  is  described  from  a  single  beautifully 
preserved  anterior  wing,  which  is  clearly  that  of  an  ant 
and  probably  of  a  Formicine,  but  a  generic  identification 
is  impossible. 

Although  the  precise  generic  position  of  the  few  known 
ants  from  the  Eocene,  both  European  and  North  American, 
is  so  uncertain,  they  are  in  no  respect  more  primitive 
or  more  generalized  than  the  ants  of  the  amber  and 
these  are  quite  as  highly  specialized  as  our  living  forms. 
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All  eight  of  the  living  subfamilies,  with  the  exception 
of  the  Dorylinæ  and  Leptanillinæ  aie  represented  in  the 
amber  fauna,  and  so  far  it  has  been  quite  unnecessary 
to  modify  their  definitions  in  order  to  accommodate  any 
of  the  Tertiary  species.  Not  only  were  all  the  castes 
as  sharply  differentiated  among  the  amber  as  among 
modem  ants,  but  the  workers  of  some  genera  (Pheidolo- 
geton,  Pseudolasius,  Dimorphomyrmex)  may  have 
already  become  pleo-  or  polymorphic.  The  larvæ  and 
pupae,  too,  which  are  occasionally  preserved,  are 
precisely  like  those  of  living  species.  And  as  I  wrote 
in  1914,  “  there  are  also  unmistakable  indications  that  the 
habits  and  instincts  of  the  amber  ants  were  nearly  if 
not  quite  as  advanced  as  those  of  existing  forms.  That 
many  of  them  had  learned  to  attend  plant-lice  and  had 
therefore  become  “  trophobiotic  ”  is  shown  by  a  block 
of  amber  in  the  Konigsberg  Collection  containing  a 
number  of  workers  of  Iridomyrmex  goepperti  together 
with  a  lot  of  their  aphid  wards.  That  the  amber  ants 
kept  myrmecophiles  in  their  nests  can  scarcely  be 
doubted,  since  at  least  three  genera  of  Paussidas  (Cerap- 
terus,  Pleuropterus  and  an  undescribed  genus)  are  cited 
by  Klebs  (1910)  in  his  list  of  amber  Coleoptera  (see  also 
Wasmann,  1919).  That  these  ants  also  had  Acarine 
parasites  is  shown  by  two  workers  of  Lasius  schieffer- 
deckeri  in  the  Konigsberg  Collection,  each  bearing  a 
mite  attached  to  the  base  of  one  of  the  hind  tibiae 
(Wheeler,  1914).  These  specimens  also  show  that  the 
mites  had  already  acquired  the  peculiar  habit  of  affixing 
themselves  to  very  definite  regions  of  their  host's 
integument  ”.  The  Baltic  amber  is,  indeed,  so  much 
like  the  living  fauna  that  no  myrmecologist  would  be 
surprised  to  find  any  of  the  extinct  genera  actually 
living  to-day  in  the  forests  of  the  East  Indies  or  Australia, 
or  to  find  any  of  the  quaint  and  archaic  genera  of  these 
regions  in  the  amber.  This  has,  in  fact,  happened  in 
two  instances.  Gesomyrmex  was  described  by  Mayr 
as  an  extinct  genus  in  1868,  but  years  later  Ernest  André 
(1892)  described  a  living  species  [G.  chaperi)  from 
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Borneo,  and  I  have  recorded  another  from  Soutliem 
China  (19216).  Ernest  André  also  first  described  the 
genus  Dimorphom\Tmex  from  Borneo  and  in  1905 
Emery  found  a  species  of  it  in  the  amber.  I  have  since 
detected  a  second  species  in  the  same  formation  (1914) 
and  another  living  in  the  Philippines  (1916).' 

Before  discussing  certain  points  in  connection  with  the 
present  geographical  distribution  of  ants,  attention  should 
be  called  to  some  of  their  general  peculiarities  which 
no  one  seems  to  have  emphasized  sufficiently.  We  have 
seen  that  the  Formicidae  are  one  of  a  series  of  closely 
related  families,  the  Heterogyna,  many  of  wdiich  are  so 
exquisitely  terrestrial  in  their  habits  that  their  females 
have  completely  lost  their  wings.  These  families  as  a 


'  It  would  hardly  be  necessary  to  point  out  that  no  conclusions 
based  on  the  absence  of  certain  genera  in  the  amber  or  other  geological 
formations  can  be  of  any  use  in  speculations  on  the  geographical 
distribution  of  particular  genera  at  the  present  time,  were  it  not 
that  zoogeographers  are  continually  overlooking  so  obvious  a  truism. 
Extremely  precious  as  are  all  positive  paleontological  data,  assertions 
in  regard  to  the  absence  of  particular  forms  in  various  parts  of  the 
world  during  geological  time  are  utterly  worthless.  Nowhere  is 
the  truth  of  this  statement  more  clearly  illustrated  than  among  fossil 
insects  and  especially  among  the  fossil  ants.  The  very  nature  of  the 
formations  in  which  the  fossils  occur  must  have  precluded  the  pre¬ 
servation  of  large  and  signilicant  portions  of  the  fauna.  Thus  the 
amber  has  entrapped  only  small,  weak  insects  and  among  ants  mostly 
arboreal  species  or  such  as  occasionally  foraged  on  trees.  Hence  we 
find  comparatively  few  fossil  Myrmicinæ,  Cerapachyinæ  and  Ponerinæ 
which  are  mostly  terricolous,  and  very  numerous  Dolichoderinæ  and 
Formicinae,  which  either  live  in  trees  or  are  fond  of  visiting  aphids, 
coccids,  etc.,  on  their  foliage.  The  complete  absence  of  the  two 
subfamilies  l)orylinae  and  Leptanillinæ  from  the  amber  may  be 
explained  in  the  same  way,  since  most  of  the  modern  species  of  the 
former  and  all  the  modern  species  of  the  latter  are  subterranean, 
or  hypogæic.  Of  course,  it  is  also  conceivable  that  these  subfamilies 
may  not  have  been  represented  in  the  amber  forests.  The  selective 
action  of  the  environment  is  shown  even  better  in  the  case  of  the 
Miocene  fossils  of  Florissant,  Oeningen  and  Kadoboj.  Nearly  all  of 
them,  unlike  the  amber  inclusions,  are  males  and  winged  or  recently 
dealated  females,  and  the  geological  evidence  shows  that  the  shales 
in  which  they  occur  were  deposited  in  shallow  lakes  into  which  the 
male  and  female  ants  dropped  while  descending  from  their  marriage 
flights  and  into  which  the  workers  very  rarely  happened  to  be  swept 
by  freshets.  Failure  to  see  this  very  obvious  explanation  led  an 
eminent  American  geologist,  Joseph  Leconte  (1S84),  to  infer  that  the 
social  habits,  instincts  and  worker  caste  had  been  develojied  in  the 
Formicidae  since  the  Miocene  epoch,  although  even  a  hasty  glance  at 
the  older  Oligocène  ants  of  the  Baltic  amber  would  have  convinced  him 
of  the  contrary  (Fig.  28). 
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whole  are  very  dependent  on  soil  (edaphic)  and  climatic 
conditions  and  nearly  all  of  them  may  be  described  as 
decidedly  thermophilous.  That  this  is  not  true  of  the 
Hymenoptera  in  general  is  shown  in  the  following  table 
from  Handlirsch  (19136),  in  which  the  numbers  of  species 
of  several  of  the  larger  families  of  the  three  sub-orders 
in  the  temperate,  subtropical  and  tropical  zones  are 
recorded  : — 


Families. 

Temperate. 

Subtropical. 

Tropical. 

Phyto¬ 

phaga. 

Pamphiliidæ,  Cephidæ 

179 

119 

I 

Tenthredinidæ 

1,964 

752 

817 

Terebrantia. 

Ichneumonidæ,  Braconidæ, 
Chalcididæ,  etc.  . . 

17,011 

2,953 

6,644 

Cynipidæ 

i,i8i 

333 

182 

Evaniidæ  (includ.  Aulacidæ) 

168 

147 

502 

Stephanidæ,  Pelecinidæ 

10 

8 

106 

Aculeata. 

Sapygidæ 

34 

14 

5 

Scoliidæ 

148 

274 

592 

Mutillidæ 

380 

493 

1,516 

Formicidæ 

458 

597 

2,888 

Sphecidæ 

1,489 

1,461 

2,243 

Vespidæ 

468 

591 

1,763 

It  will  be  observed  that  the  Phytophaga  abound  in 
the  temperate  zone  but  decrease  in  numbers  towards 
the  tropics,  that  some  families  of  Terebrantia  show 
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the  same  peculiarity  while  an  increase  towards  the 
tropics  is  shown  in  others  and  that  the  Aculeata,  with 
the  single  exception  of  the  Sajiygidæ,  have  a  similarly 
pronounced  thermophily  most  conspicuous  in  the 
Formicidæ  and  the  allied  Scoliidæ  and  Mutillidæ,  which 
are  evidently  here  taken  sensii  latiore.  The  Vespidæ 
show  near!}'  as  great  a  thermophily  as  the  other  Vespoids. 
Had  the  bees  been  included  in  the  table  we  should 
observe  a  maximum  development  in  the  subtropical 
zones.  We  may  conclude,  therefore,  that  the  Hetero- 
g}'na  as  a  whole  are  a  strongly  thermophilous  group 
of  Aculeates. 

It  might  be  interesting  to  construct  another  table 
to  show  the  degrees  of  xerophily  in  the  Aculeata,  but 
it  would  be  more  difficult.  The  great  majority  of  species 
of  many  of  the  families  of  Heterogyna,  notably  of  the 
Mutillidæ,  Apterogynidæ,  Th3'nnidæ,  Plumariidæ, 
Methocidæ,  Myrmosidæ  and  Fedschenkiidæ,  undoubtedly 
prefer  a  dry  environment.  AU  of  these  groups  therefore 
abound  in  and  some  of  them  are  confined  to  deserts. 
The  xerophily'  of  the  Formicidæ  is  less  obvious  because 
it  is  overlaid  by  certain  other  tendencies.  While  it 
is  true  that  the  species  of  ants  are  very  numerous  in  the 
humid  tropics  of  both  hemispheres,  it  is  also  true  that 
individual  ants  are  almost  as  abundant  in  deserts,  such 
regions  as  the  sandy  pine-barrens  of  New  Jersey  and  other 
places  which  support  a  more  or  less  xeroph^dic  vegeta¬ 
tion.  They  are,  moreover,  poorly  represented  by  species 
and  individuals  in  cool,  damp  regions  like  New  Zealand, 
Southern  Chile  and  Patagonia,  Northern  Europe  and 
the  Selkirk  Mountains  of  British  America.  The  fact 
that  the  great  majority  of  ants  nest  in  the  ground  shows 
that  the  family  was  original^  terricolous,  and  this 
habitat  makes  it  necessary  for  them  to  avoid  all  soils 
which  are  not  well-drained.  Hence  their  scarcity  in 
wet  meadows  and  swamj)s  and  their  predilection  for  hill 
and  mountain  slopes,  especially  those  facing  east  and 
south  in  the  northern,  and  north  and  east  in  the 
southern  hemisphere.  In  the  rainy  portions  of  the 
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tropics,  where  we  find  several  large  arboricolous  genera, 
they  have  obviously  taken  to  nesting  in  or  on  the  trees  to 
avoid  the  excessive  and  deleterious  dampness  of  the  soil. 
But  even  in  these  regions,  as  I  have  observed  in  Central 
America  and  elsewhere  in  the  humid  tropics,  the  terri- 
colous  ants  greatly  prefer  slopes  or  the  soil  under  stones 
or  logs  or  decomposing  wood  which  absorbs  little  rain¬ 
water. 

I  have  dwelt  on  these  facts  because  they  seem  to  me 
to  point  definitely  to  a  deep-seated  xerophily  in  the  ants 
and  to  their  very  probable  origin,  together  with  the 
Scoliids,  Mutillids,  Th^mnids,  etc.,  on  the  dry  interior 
continental  plains  and  plateaux  during  the  Mesozoic, 
in  the  very  regions,  in  fact,  which  some  botanists  believe 
to  have  been  the  places  of  origin  of  the  Angiosperms. 
It  may  be  noted  in  this  connection  that  even  the  amber 
forests,  in  which  ants  must  have  been  extremely  abundant, 
were  probably  rather  xerophytic.  The  amber  itself 
was  produced  by  a  species  of  pine,  and  the  quantities  of 
stellate  hairs  scattered  through  the  pieces  of  fossil  resin 
show  that  oaks  were  abundant.  In  fact,  the  flora  of 
the  Samland  must  have  been  somewhat  like  that  of  the 
New  Jersey  pine-barrens,  but  with  a  greater  admixture 
of  tropical  elements.^  That  the  region  was  mountainous 
was  ingeniously  shown  by  Ulmer  (1912)  in  his  monograph 
on  the  caddice-flies  (Trichoptera)  of  the  Baltic  amber. 
He  found  that  of  the  thirty  recent  genera  of  these 
insects  represented  in  the  fossil  resin,  the  larvae  of  13  per 
cent,  must  have  lived  in  strongly  agitated  water,  8  per 
cent,  in  standing  water  and  4  per  cent,  in  slowly  flowing 
streams,  and  he  concludes  that  fully  thirty-five  genera 
with  seventy-three  species  known  only  from  the  amber, 
passed  their  larval  life  in  torrents,  that  seven  genera 
with  fourteen  species  lived  in  quiet  water  and  that  seven 
genera  with  seven  species  were  probably  indifferent 
to  their  aqueous  habitat.  Of  existing  continental  areas 
Australia  seems  to  me  to  present  conditions  most 

'  For  an  excellent  general  account  of  the  amber  fauna  and  flora, 
see  Berry  (iy27). 
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like  those  among  which  I  conceive  the  Mesozoic  ants 
to  have  evolved.  This  continent  has  a  more  or  less 
xerophytic  vegetation,  except  in  the  extreme  north 
where  there  is  a  considerable  admixture  of  Papuan 
faunal  and  floral  immigrants.  The  great  development 
of  the  Tlnmnidæ  in  Australia  is  also  significant  in  this 
connection. 

We  may  conclude,  therefore,  that  the  ants  are  primi- 
tivel}^  a  terricolous  and  thermophilous  family  of  insects 
which  arose  in  and  still  prefer  a  fairly  dry  environment. 
From  this  condition  we  can  trace  three  lines  of  adaptive 
radiation  and  specialization.  A  number  of  genera  in 
all  the  sub-families,  except  the  Pseudomyrminæ  and 
Dolichoderinæ,  have  abandoned  life  on  the  surface  of 
the  soil  and  have  become  subterranean,  or  hypogæic. 
Others  have  increased  their  native  tolerance  of  drought 
and  have  become  deserticolous,  and  it  is  interesting 
to  note  that  this  category  comprises  several  primitive 
genera,  especially  among  the  Myrmicinæ  (Messor, 
Novomessor,  Veromessor,  Pogonmoyrmex) .  A  number 
of  genera  and  subgenera,  finally,  in  regions  of  great 
rainfall  have  become  arboricolous.  It  is  noteworthy 
that  this  last  category  is  almost  exclusively  represented 
by  the  most  specialized  genera  of  the  four  highest  sub¬ 
families,  the  Myrmicinæ,  Pseudomyrminæ,  Dolichoderinæ, 
and  Formicinæ,  and  has  no  representatives  among  the 
Doiylinæ  and  Leptanillinæ  and  very  few  (e.g.,  Neoponera) 
among  the  Ponerinæ.  Furthermore,  even  such  exquisitely 
arboricolous  genera  as  Pseudomyrma  and  Cremato- 
gaster  contain  some  terricolous  forms.  Pseudomyrma 
elegans,  e.g.,  as  was  shown  by  Forel,  always  nests  in  the 
ground,  and  there  are  many  Crematogasters  that  nest 
in  rather  dry  soil  in  North  America,  Australia  and 
elsewhere 

If  my  conclusions  are  correct,  Emery  (1920)  must  be 
mistaken  in  his  interpretation  of  the  sequence  of  habitats 
in  the  Formicine  section  Eucamponotini,  a  group 
embracing  the  genus  Camponotus,  with  more  than  1,000 
described  species,  sub-species  and  varieties  and  several 
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allied  genera.  His  views  are  graphically  represented  in 
the  following  phylogenetic  diagram  : — 
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All  the  arboricolous  groups  cited  by  Emery  in  this 
diagram  occur  in  Austraha,  except  Gesom3Tmex,  which 
is  Indomalayan,  and  Gigantiops,  which  is  neotropical 
Now  Gigantiops,  as  I  have  shown  (19226),  is  not  arboreal. 
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In  Briti?h  Guiana  I  found  it  nesting  in  old  logs  on  the 
ground  and  Dr.  W.  ]\I.  Mann  informs  me  that  he  has  taken 
it  under  stones  in  Bolivia.  Gesomyrmex,  too,  is  probably 
terriadous.  The  types  of  G.  howardi  were  sent  to  me 
mingled  with  a  lot  of  well-known  soil-inhabiting  ants. 
According  to  m}^  observations  at  least  some  of  the  species 
of  Opisthopsis  and  Calomyrmex  nest  in  the  earth.  Of 
the  various  subgenera  of  Polyrhachis  all  the  Australian 
species  of  Campomyrma,  Hagiomyrma  and  Chariomyrma 
are  terricolous  and  moreov^er,  like  Calomyrmex,  distinctly 
xerophilous.  In  Africa  certain  members  of  the  sub¬ 
genus  Myrma  are  terricolous  and  the  same  is  probably 
true  of  some  of  its  East  Indian  species.  Nothing  is 
knowm  of  the  habits  of  Echinopla,  but  it  is  probably 
arboricolous.  This  genus,  Œcophylla,  Dendromyrmex, 
and  some  subgenera  of  Camponotus  and  Polyrhachis 
therefore  alone  belong  wholly  below  the  dotted  line  in 
Emery’s  diagram.  And  wEen  we  confine  our  attention 
to  Camponotus  w^e  find  that  the  terricolous  subgenera, 
Tanæmyrmex  (=]\Iyrmoturba),  Dinomyrmex,  Myrmoser- 
icus,  etc.,  are  obviously  much  more  primitive  than  the 
sub-genera  Myrmorhachis,  Colobopsis  and  its  allies,  etc., 
which  have  the  head  and  mandibles  of  the  queen  and 
soldier  more  or  less  specialized  for  living  in  wood. 
Here  again  it  wall  be  noticed  that  Tanæmyrmex, 
wdiich  embraces  a  considerable  number  of  species,  sub¬ 
species,  and  varieties,  is  highly  xerophilous,  since  most 
of  its  forms  are  confined  to  somewhat  arid  or  desert 
regions.  In  North  America  Tanæmyrmex  occurs  only 
in  the  drier  portions  of  the  South-Western  and  Western 
States.  The  evolution  of  the  Eucamponotini,  therefore, 
in  my  opinion,  has  been  just  the  reverse  of  the  one 
outlined  by  Emery.  I  regard  as  equally  fallacious  his 
contention  that  the  ancestral  ants  which  gave  rise  to 
Œcophylla,  Camponotus  and  Polyrhachis  had  the  habit 
of  employing  their  larvæ  to  spin  leaves  and  detritus 
together  in  making  the  nest.  This  habit,  now  so  wæll- 
known  in  Œcophylla,  occurs  only  in  two  among  several 
hundred  Neotropical  species  of  Camponotus  and  in 
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certain  subgenera  of  the  paleotropical  genus  Poly- 
rhachis  (Cyrtomyrrna,  Myrmhopla),  and  there  is  nothing 
to  indicate  that  it  may  not  have  been  acquired  independ¬ 
ently  in  all  three  genera  long  after  they  had  become 
arboreal. 

The  existence  as  early  as  the  Lower  Oligocène  of  a 
large  and  remarkably  diverse  series  of  genera,  many 
of  which,  representing  nearly  all  the  modem  sub¬ 
families  of  Formicidae,  are  still  extant  and  even  comprise 
species  like  Formica  fiori  and  Lasius  schieffedeckeri , 
practically  identical  with  the  common  F.  fusca  and  L. 
niger  of  Eurasia  and  North  America,  indicates  that  the 
ant  fauna  of  to-day,  even  in  the  tropics,  may  have 
declined  in  the  number  of  genera  and  species  since  the 
beginning  of  the  Tertiary.  Certainly  there  is  no  evidence 
of  any  progressive  evolution  throughout  the  Cænozoic 
Era.  We  must  therefore  assume  that  both  the  origin 
and  the  early  and  significant  development  of  the  family 
occurred  before  the  Tertiary.  But  this  development 
owing  to  the  absence  of  any  fossil  record,  is  a  matter 
of  mere  conjecture.  In  regard  to  the  period  of  origin 
of  the  Formicidae,  Handlirsch  (1908)  and  Emery  (1920) 
differ.  According  to  the  former,  “  we  must  adhere 
to  the  opinion  that  the  focus  of  evolution  (‘  Entwick- 
lungsherd  ’)  of  the  whole  family  Formicidae  (in  the  broad 
sense)  is  to  be  sought  on  the  early  Tertiary  or  Upper 
Cretaceous  landmasses  of  Eurasia  and  that  the  forms 
which  there  originated  reached  North  America  over  the 
Eastern  and  Western  land  connections  of  the  northern 
hemisphere  and  migrated  southward  from  North 
America  as  well  as  from  Europe  and  Asia  ”.  Emery 
conceives  a  more  remote  Mesozoic  origin  of  the  family, 
believing  that  the  Ponerinæ  go  back  at  least  as  far  as 
the  Lower  Cretaceous,  the  Dorylinæ  to  precretaceous 
times,  and  the  family  perhaps  to  the  end  of  the  Jurassic. 
In  my  opinion  even  this  estimate  may  be  too  moderate. 
From  wliat  has  been  said  of  the  thermoxerophity  of  the 
Formicidae  it  is  more  probable  that  they  arose  in  the 
Triassic,  if  not  in  the  late  Permian,  which,  according 
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to  paleometeorologists  (Schuchert,  1914,  Pluntington 
(1914),  and  others),  were  periods  of  high  temperature  and 
great  aridity,  d'he  terrestrial  liabits  and  the  very 
intimate  and  plastic  relations  of  the  ants  to  their  larvae 
and  pupae,  as  contrasted  with  the  more  recently  evolved 
social  wasps  and  bees,  seem  to  point  to  an  origin  under 
rather  arid  conditions  such  as  are  supposed  to  have 
existed  over  the  great  continental  masses  during  the 
Triassic  and  early  Jurassic.  The  arboreal  adaptations 
of  certain  genera  might  then  be  conceived  to  have  arisen 
during  the  Cretaceous,  a  period  of  continuing  high 
temperature  but  of  greater  humidity  like  that  of  the 
tropical  rain-forests  of  to-day. 

If  we  postulate  so  remote  a  geological  past  for  the 
Formicidæ,  they  would  have  had  plenty  of  time  to  acquire 
not  only  great  generic  and  specific  diversity,  but  also 
a  cosmopolitan  distribution  before  the  beginning  of  the 
Tertiar3^  Man}'  problems  suggested  by  the  present 
geographical  distribution  of  the  genera  would  then  assume 
a  different  aspect.  These  problems  have  given  rise 
to  much  controversy  and  cannot  here  be  considered  in 
detail.  Emer}',  apparently  influenced  by  H.  von 
Ihering  and  Scharff,  has  made  considerable  use  of  hypo¬ 
thetical  transatlantic  and  antarctic  intercontinental 
landbridges  to  account  for  the  genera  now  represented 
only  in  South  America,  South  Africa,  Australia  and  New 
Zealand,  whereas  Handlirsch  (i9i3fl)  and  I  (1917)  are 
inclined  to  adopt  the  older  view  of  a  circumpolar  and 
probably  Eurasian  origin  of  the  Formicidæ  and  their 
migration  over  the  well-established  Behring  Sea  land 
connection  and  southward  in  both  hemispheres  as  a 
satisfactory  explanation  of  the  present  distribution  of 
such  “  relict  ”  genera.  The  latter  contention  is  sup¬ 
ported  by  Handlirsch ’s  elaborate  statistics  of  the  present 
distribution  of  16,100  genera  and  180,000  species  of 
insects,  which  show  that  the  evidence  for  the  existence, 
at  least  during  the  Tertiary,  of  the  various  landbridges 
postulated  by  von  Ihering,  Scharff,  Emery  and  others, 
is  really  extremel}’  meagre.  Handlirsch  shows,  moreover. 
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that  in  a  map  of  the  world  including  only  the  more 
important  of  the  Tertiary  landbridges  assumed  by  the 
analytical  school  of  zoogeographers,  the  oceans  are 
reduced  to  a  few  small  lagoons.  This  would  necessitate 
an  entirely  different  present  and  past  distribution  of 
marine  organisms  from  that  actually  obtaining,  and  the 
tropical  faunas  of  all  the  continents  and  islands  would 
be  homogeneous  and  therefore  far  from  exhibiting  the 
enormous  divergencies  that  now  prevail. 

The  study  of  our  Nearctic  fauna  naturally  predisposes 
American  naturalists  to  defend  the  hypothesis  of  a 
boreal  origin  of  organisms  and  their  southward  migration 
to  other  parts  of  the  w'orld  without  the  aid  of  other 
landbridges  than  those  between  Alaska  and  Eastern 
Asia  and  between  Eastern  North  America  and  Europe. 
.\t  the  present  time  the  most  emphatic  champion  of 
this  view  and  opponent  of  the  bridge-builders  is  Dr. 
W.  D.  Matthew  (1915),  a  well-known  authority  on  fossil 
and  living  Mammalia.  But  even  in  Australia,  where 
there  has  been  much  advocacy  of  antarctic  landbridges, 
the  tide  of  opinion  seems  to  be  changing,  if  we  may  judge 
from  a  recent  valuable  paper  by  Longman  (1923) 
who  finds  little  support  for  the  contentions  of  Hedley, 
Haswell,  and  others.* 

In  last  resort,  of  course,  the  geologists  of  the  future 
will  decided  whether  the  landbridges  of  the  earlier 
geologists  and  the  zoogeographers  of  the  von  Ihering 
school  have  really  existed.  If  we  may  judge  from  such 
recent  very  interesting  work  as  that  of  Kober  (1921) 
on  the  structure  of  the  lithosphere,  there  is  no  geological 
evidence  for  the  existence  either  of  the  bridges  constructed 

^  Kolbe  (1913)  and  I  have  been  taken  to  task  by  Emery  for  regarding 
the  insect  fauna  (including  the  ants)  of  Australia  as  essentially 
Mesozoic.  While  it  is  well  known  that  this  fauna  comprises  also  a 
certain  number  of  Papuan  and  East  Indian  elements,  there  is  no  proof 
that  they  did  not  enter  Australia  before  Tertiary  times.  Schuchert 
(1916)  says  ;  "  We  must,  therefore,  conclude  that  Australia  has  been 
an  island  continent  at  least  since  late  Eocene  times,  for  it  is  since 
then  that  the  placental  mammals  have  elsewhere  dominated  all  other 
land  life  ”.  And  Longmans  gives  good  rca.sons  for  assuming  that  the 
Marsupials  have  had  a  long  and  peculiarly  local  pretertiary  evolution 
in  Australia. 
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b}'  von  Ihering  for  the  Tertiary  or  of  similar  intercon¬ 
tinental  landmasses  during  the  Mesozoic.  Kober 
concludes  “  that  without  any  doubt  the  six  large  con¬ 
tinental  masses,  namely  North  America,  Eurasia,  South 
America,  Africa,  Indoaustralia  and  Antarctica  have 
existed  permanently  since  the  Mesozoic  And  the 
same  conclusion  may  be  drawn  from  his  condensed 
description  (p.  283-284)  of  the  continents  during  the 
Mesozoic.  He  does,  how^ever,  assume  the  existence  of 
two  “  hypothetical  ”  land-masses  in  the  Pacific,  one 
with  its  present  centre  in  Hawaii  and  one  in  the  Southern 
Hemisphere,  but  both  are  small  and  very  far  from  con¬ 
stituting  land-bridges.  Such  connections  become  quite 
unnecessary  on  the  very  different  theory  of  the  dis¬ 
placement  of  the  continents  during  geological  time 
as  advocated  by  F.  B.  Taylor  (1910),  Wegener  (1924), 
and  Daly  (1926).  Wegener  conceives  the  continents 
to  have  formed  a  single  landmass  as  late  as  the  Upper 
Carboniferous,  and  to  have  begun  to  move  away  from 
one  another  by  the  Eocene.  Were  it  possible  to  accept 
this  theory,  the  difficulties  we  encounter  in  explaining 
the  present  geographical  distribution  of  many  organisms, 
such  as  the  Formicidae,  would  vanish. 
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THE  EVOLUTION  OF  TERMITES 

One  of  the  most  striking  peculiarities  of  the  various 
groups  of  social  wasps,  social  bees  and  ants  surveyed 
in  the  preceding  lectures  is  the  constant  recurrence 
in  aU  of  them  of  the  same  general  behaviour  pattern  or 
motif,  with  modifications  depending  on  the  character  of 
the  food  and  other  environmental  exigencies.  This 
recurrence,  no  doubt,  is  partly  due  to  morphological 
and  ethological  similarities  among  the  immediate  solitary 
ancestors  of  these  insects  and  partly  to  the  more  remote 
common  ancestry  of  all  of  them.  As  we  have  seen,  all 
the  social  Aculeates  are  derived  from  solitary  Sphecoids 
and  Vespoids  and  I  have  attempted  to  trace  both  groups 
back  to  hypothetical  extinct  Bethyloids,  the  putative 
primitive  stock  of  the  whole  Aculeate  suborder.  The 
noticeable  fact  that  the  social  bees,  though  of  Sphecoid 
ancestry,  are  nevertheless  in  many  respects  more  like 
the  social  Vespidæ  than  are  the  Vespoid  Formicidæ, 
is  probably  due  to  the  longer  and  more  eventful  evolution 
of  the  latter. 

What  may  be  called  the  solitary  inheritance  or  endow¬ 
ment  of  the  social  Aculeates  quite  obviously  underlies 
the  characters,  both  structural  and  behaviouristic, 
that  have  been  more  recently  acquired  as  the  result 
of  social  life.  The  fundamental  solitary  traits  most 
deserving  of  emphasis  are  the  following  : — 

(i)  The  pronounced  sexual  dimorphism,  which,  as 
among  the  Terebrantia,  is  even  more  con¬ 
spicuous  in  the  behaviour  than  in  the 
structure  of  the  Aculeates.  The  complicated 
instinct  patterns  are  exhibited  only  by  the 
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female  and  the  male  is  reduced  to  a  mere 
fecundating  agency.  Owing  to  the  per¬ 
fection  of  the  female  spcrmatheca,  which 
enables  her  to  store  and  keep  alive  the 
sperm  of  the  male  for  a  considerable  period 
of  time,  she  becomes,  as  it  were,  a  bisexual 
or  hermaphroditic  being  in  complete  func¬ 
tional  control  of  reproduction.  She  alone, 
therefore,  is  subjected  to  the  full  incidence 
of  environmental  stimuli  and  in  lier  reactions 
to  them  is  able  to  advance  along  the  path 
of  progressive  specialization  or  adaptation 
as  far  as  the  plasticity  of  her  constitution 
will  permit.  The  male,  apart  from  rather 
slight  specific  modifications,  is  condemned 
to  stability  of  structure  and  monotony 
of  behaviour.  He  is,  therefore,  the  conserva¬ 
tive  sex,  the  sexus  sequior. 

(2)  The  storing  for  the  offspring  of  insect  or  vegetable 

food  by  the  solitaiy^  Vespoids  and  Sphecoids. 
This  may  be  regarded  as  a  prospective  or 
potential  social  activity  since  it  implies 
the  conditions  for  social  development  in  a 
potential,  or  implicit  sense  and  since  the 
society  may  become  actual,  or  explicit  as 
soon  as  the  spatial  requisite,  i.e.,  the  co¬ 
existence  of  the  parent  with  the  adult  off¬ 
spring,  supervenes. 

(3)  The  nest,  ranging  from  a  simple  burrow  in  the 

soil  or  pre-existing  cavity  to  cells  carefully 
constructed  of  earth  or  vegetable  materials. 

(4)  The  development  of  defence  (pugnacious) 

reactions  on  the  part  of  the  mother  insect. 
These  have  risen  very  naturally  from  the 
predatory  activities  of  the  primitive  Bethy- 
loid  ancestors  and  the  transformation  of  the 
ovipositor  into  a  sting.  Even  some  Tere- 
brants  (Ichneumonids)  sting  when  handled. 
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The  solitary  Aculeates  also  use  their  mandibles 
for  defence,  these  organs  having  gradually 
become  more  efficient  as  the  result  of  their 
employment  in  seizing  and  carrying  the  prey, 
excavating  the  burrow,  etc.  At  first  they 
are  used  in  conjunction  with,  but  eventually 
supersede  the  sting  as  the  main  organs  of 
defence,  as  Roubaud  (1918)  has  shown. 

The  more  significant  modifications  and  additions  that 
supervene  in  social  behaviour  as  a  result  of  the  actual 
contact  of  the  mother  Aculeate  with  her  offspring,  of 
their  association  with  her  and  with  one  another  and  thp 
consequent  physiological  division  of  labour,  are  the 
following  : 

(1)  The  differentiation  of  the  female  into  two  castes, 

a  fertile  (queen)  and  a  sterile  (worker)  form 
or  phase.  The  queen  therefore  departs  stiU 
further  from  the  stationary,  conservative 
male  in  increased  longevity  and  stature  and 
in  structural  modification.  Her  fecundity 
is  also  greatly  increased  beyond  that  of  the 
sohtary  female,  while  the  worker,  especially 
in  the  ants,  tends  to  depart  further  from 
the  queen  and  to  become  dimorphic  in  turn 
as  soon  as  its  primitive  combined  nutritive 
and  protective  functions  become  dissociated 
(workers  proper  and  soldiers) . 

(2)  The  consociation  of  individuals  to  form  the 

colony  leads  to  the  development  of  various 
methods  of  communication  of  stimuli  and 
distribution  of  food  or  secretions  (trophall- 
axis.) 

(3)  The  collecting,  storing  and  utilization  of  the 

food  become  communistic. 

(4)  The  nest,  now  the  combined  and  co-ordinated 

work  of  the  community,  becomes  much 
larger,  more  elaborate  and  more  permanent. 
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(5)  Tlie  protective  and  defensive  functions,  too,  now 
assumed  by  the  wliole  of  the  worker  caste  or 
of  a  peculiarly  specialized  portion  of  it 
(soldier  caste),  become  much  more  efficient 
and  more  formidable. 

It  should  be  noticed  that  with  the  advent  of  social 
life,  behaviour  necessarily  becomes  not  only  more 
intricate  but  also  accumulative.  This  is  an  important 
matter.  Auguste  Comte  long  ago  and  De  Grange  (1923) 
more  recently  and  more  clearly  have  shown  that  a  society 
is  best  defined  as  an  accumulating  collectivity.  Of 
course,  these  sociologists,  and  others  who  have  held 
similar  views,  were  thinking  primarily  of  human  society 
which  is  manifestly  and  essentially  characterized  by 
an  extraordinary  accumulation  of  objects,  thoughts 
and  acts  and  all  that  they  imply — mores,  institutions, 
languages,  inventions,  capital,  art,  science,  etc.  In 
his  book  entitled  “  The  Manhood  of  Humanity  ”,  Count 
Korzybsky  (1921)  has  also  emphasized  the  accumulative 
aspects  of  human  society  under  the  term  ”  time  binding  ”. 
He  regards  it  as  an  exclusively  human  activity,  but  as 
De  Grange  shows  in  several  passages,  it  is  really  a 
peculiarity  of  all  true  societies,  whether  animal  or  human. 
The  social  Aculeates  reveal  the  accumulations  very 
clearly,  though  they  are,  of  course,  very  primitive  and 
rudimental  compared  with  those  of  man  and  very 
largely  confined  to  the  sphere  of  the  so-caUed  instincts 
and  the  results  of  their  operation.  But  this  must  have 
been  true  also  of  the  earliest  stages  of  human  society. 
On  the  material  plane  savage  communities  are  stiU  far 
from  attaining  to  a  stage  as  economically  accumulative  as 
that  of  the  hive-bee  or  the  higher  ants  and  termites. 

During  their  transition  from  the  solitary  to  the  social 
stage,  there  was  one  peculiarity  which  the  Aculeates 
seem  to  have  been  unable  to  modify,  and  that  was  the 
status  of  the  male.  In  all  their  societies  this  sex  takes 
no  part  in  the  accumulative  or  social  behaviour  as 
such  but  is  left  in  essentially  the  same  stage  as  among 
the  solitary  ancestors.  I  say  ‘‘  essentially  ”,  because 
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among  certain  social  bees  and  wasps,  he  does  seem  to  be 
slightly  socialized,  at  least  to  the  extent  of  possessing  a 
feeling  of  belonging  to  the  hive  or  nest  and  of  returning 
to  it  after  foraging  or  flying  about  in  search  of  virgin 
females.  But  even  this  spark  of  sociability  is  lacking 
in  the  males  of  most  Eormicidæ  although  they  may  be 
treated  with  solicitude  by  the  worker  personnel.  Thus 
when  the  nest  of  Lohopelta  elongata  is  disturbed,  the 
males  are  seized  and  carried  away  by  the  workers.  At 
such  times  the  males  assume  a  rigidly  immobile  attitude, 
with  their  appendages  and  wings  folded  in  the  pupal 
posture,  and  are  carried  under  the  bodies  of  the  workers 
in  precisely  the  same  manner  as  the  larvae  and  cocoons. 
But,  as  a  rule,  in  all  social  Aculeates  the  males,  though 
often  produced  in  considerable  numbers,  are  merely 
tolerated  for  a  time  as  so  many  parasites  on  the  colony. 
Being  necessary  for  fecundation,  however,  they  cannot 
be  regarded  as  good-for-nothings. 

We  are  not  justified,  of  course,  in  making  the  anthropo¬ 
morphic  statement  that  the  social  Aculeates  committed 
a  blunder  in  not  completely  sociahzing  the  male  as  well 
as  the  female.  Even  from  our  human  point  of  view 
it  does  not  seem  probable  that  such  a  social  employment 
of  the  male  would  have  increased  the  efficiency  of  the 
societies  of  bees,  wasps  and  ants.  This  is  suggested  by 
the  termites,  which  actually  accomphshed  what  the 
Aculeates  could  not  or  at  any  rate  did  not  accomplish, 
since  the  various  morphological  speciahzations,  and 
activities  (division  of  labour)  in  termite  colonies  have 
been  taken  over  equally  by  the  individuals  of  both 
sexes.  To  this  extent  they  seem  to  us  to  be  more  per¬ 
fectly  social  insects  than  the  social  Aculeates,  and  yet 
I  doubt  whether  any  one  of  us,  if  given  the  choice  in  some 
future  metempsychosis  of  becoming  either  an  ant  or  a 
termite,  would  choose  the  latter. 

It  must  be  admitted  that  on  superficial  examination 
the  termities  exhibit  striking  resemblances  to  the  social 
Aculeates  and  especially  to  the  ants.  Like  the  Eormicidæ, 
they  are  all  social  and  there  is  a  very  pronounced 
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polymorphism  among  the  individuals  of  the  colony  (Fig. 
35),  some  being  wingless  and  behaving  like  the  workers 
and  soldiers  of  ants.  There  is  typically  a  single  mother 
queen  and  although  she  is  accompanied  by  a  king,  both 
lose  their  wings  before  establishing  the  colony  and  after 
a  dispersion  flight  which  resembles  the  nuptial  flight  of 
the  ants.  Even  the  foraging,  seed-storing  and  fungus¬ 
growing  habits  of  certain  ants  are  paralleled  by  die 
higher  termites  (Fig.  36).  But  though  very  interesting 
and  suggestive  these  and  several  other  less  conspicuous 
resemblances  are  merely  convergent,  or  parallel 
developments.  When  we  come  to  study  the  termites 
more  closely  we  And  a  number  of  fundamental  idio¬ 
syncrasies,  one  of  the  most  significant  of  which  is  the 
above-mentioned  bisexual  composition  of  the  colony 
as  a  whole. 

The  termites  constitute  an  independent  order,  the 
Isoptera  of  Brullé.  Owing  to  the  fact  that  they  are 
nearly  all  tropical  insects  and  do  not  make  attractive 
cabinet  specimens,  they  were  much  neglected  by  entomo¬ 
logists  till  the  beginning  of  the  present  century.  Since 
that  time,  however,  they  have  attracted  a  number  of 
careful  investigators  so  that  we  are  now  in  possession 
of  a  mass  of  literature  on  their  anatomy,  behaviour  and 
taxonomy.  More  general  works  are  also  beginning  to 
appear,  such  as  the  treatises  of  Holmgren  (igog-1913), 
Escherich  (igog,  igii),  Snyder  and  Banks  (1920)  and 
Hegh  (1922),  which  contain  such  an  amount  of  informa¬ 
tion  that  I  refrain  from  attempting  to  compress  a  synopsis 
of  even  the  most  important  data  into  this  lecture. 
Hegh’s  ver}^  recent  comprehensive  and  profusely  illus¬ 
trated  volume,  “  Les  Termites,”  Part  L,  furnishes  just 
the  reading  I  should  desire  for  the  student  who  is  interested 
in  this  course.  As  in  previous  lectures,  I  shall  confine 
myself  to  a  discussion  of  certain  evolutionary  problems. 

Down  to  the  present  time  somewhat  more  than  1200 
species  of  Termites  have  been  described  mostly  from 
the  warmest  portions  of  the  tropics  and  more  than  one- 
third  of  them  from  the  Ethiopian  Region,  i.e.,  from 
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Africa  South  of  the  Sahara.  In  North  America  we 
have  some  thirty-four  species,  only  one  or  two  of  which 
extend  to  the  Northern  boundary  of  the  United  States  and 
into  British  America.  Europe  seems  to  have  only  two 
species,  which  are  confined  to  Central  and  Southern 
France  and  the  Mediterranean  httoral.^  At  present  the 
dehmitation  of  the  main  groups  and  their  names  are 
somewhat  unsettled.  Holmgren  recognized  three  families, 
which  he  called  the  Protermitidæ,  Mesotermitidæ  and 
Metatermitidæ.*  They  embrace  respectively  the  most 
primitive,  moderately  specialized  and  most  highly 
specialized  forms,  but,  unfortunately,  his  family  names 
are  invahd  and  have  had  to  be  abandoned  because 
there  are  no  generic  names  corresponding  to  them.^ 
His  Protermitidæ  are  now  separated  into  two  famihes, 
the  Mastotermitidæ  and  Calotermitidæ  and  Banks 
and  Snyder  have  united  his  Meso-  and  Metatermitidæ 
in  one  family,  the  Termitidæ.  If  the  separate  rank  of 
Holmgren’s  two  families  is  to  be  maintained,  the 
Mesotermitidæ  would  take  the  name  “  Rhinotermitidæ  ”, 
while  the  term  ”  Termitidæ  ”  would  be  reserved  for  the 
Metatermitidæ.  To  these  Sjostedt  (1925)  has  recently 
added  the  Hodotermitidæ,  formerly  included  among 
the  Calotermitidæ.  The  Mastotermitidæ  and  Caloter¬ 
mitidæ,  being  the  most  primitive  termites,  will  require 
special  consideration  in  connection  with  the  phytogeny 
of  the  Isoptera  as  a  whole.  In  the  preceding  lecture  I 
failed  to  state  that  there  is  among  the  Formicidæ  an 


*  Dr.  Alfred  Emerson  has  kindly  ascertained  for  me  the  total  number 
of  termites  described  to  date  from  the  various  regions  of  the  globe. 
There  are  123  genera  and  sub-genera  comprising  1237  species.  Exclud¬ 
ing  those  with  overlapping  distribution  and  unknown  habitat,  the 
species  are  distributed  as  follows  :  Ethiopian  452,  Malagasy  38, 
Indomalayan  272,  Papuan  30,  Australian  nx,  Palearctic  22,  Nearctic 
34,  Neotropical  282. 

*  This  was  Holmgren’s  classification  as  published  in  1910  in  the 
"  Zoologischer  Anzeiger  ”,  where  the  Mastotermes  group  is  treated 
as  a  sub-family  of  Protermitidæ.  In  his  monograph  {191 1)  he  accepted 
Silvestri's  view  (1909)  of  the  family  rank  of  the  Mastotermitidæ. 

3  There  is  a  genus  Protermes,  but  it  belongs  to  Holmgren’s 
Metatermitidæ. 
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obvious  and  significant  increase  in  the  size  and  poly¬ 
morphism  of  the  colony  and  the  complexity  of  behaviour 
as  we  pass  from  the  primitive  genera,  especially  among 
the  Ponerinæ,  to  the  more  specialized  genera  of  this  and 
the  other  sub-families.  The  same  is  in  general  true  of 
the  termites,  the  colonies  of  the  Mastotermitidae  and 
Calotermitidæ  being  usually  smaller  and  less  definitely 
polymorphic  than  those  of  Termes  and  Eutermes,  the 
highest  genera  of  the  Termitidae. 

The  Mastotermitidae  are  represented  by  a  single  living 
species,  Mastotermes  darwiniensis,  described  by  Froggatt 
(1896,  1905)  from  Northern  Austraha.  The  species 
was  based  on  the  sexual  forms  which  are  three-quarters 
of  an  inch  long,  but  Froggatt  also  described  the  soldier 
(1897)  under  the  name  Termes  errabundus.  The  colonies 
are  very  populous  and  live  in  timber,  without  making  a 
true  nest.  They  are  often  found  in  the  woodwork  of 
houses  and  in  such  situations,  like  other  termites,  do 
considerable  damage.  Desneux  (1904)  and  later 
Silvestri  (1909)  and  Holmgren  (1911)  studied  Mastotermes 
very  carefully  and  found  it  to  be  a  veritable  synthetic 
type  of  the  greatest  interest.  Although  it  is  certainly 
a  true  termite  it  has  nevertheless  so  many  Blattoid 
characters  that  there  can  be  no  doubt  about  its  phylo¬ 
genetic  descent.  Holmgren  showed  that  it  must  be 
derived  from  the  Protoblattoidea,  a  group  which,  so  far 
as  we  can  learn  from  the  fossil  record,  became  extinct 
in  the  Permian  and  gave  rise  to  two  branches,  one  termin¬ 
ating  in  the  Blattoidea,  or  cockroaches,  the  other  in 
the  Isoptera.  The  male  and  female  Mastotermes  have 
a  well-developed  anal  lobe  to  the  hind-wing,  a  character 
which  has  been  lost  in  all  other  termites,  the  wing- 
venation  is  like  that  of  Protoblattoids,  the  tarsi  are 
distinctly  five-jointed,  the  tibiæ  are  spined,  there  is  no 
frontal  gland  and  the  female  possesses  three  pairs  of 
distinct  gonapophyses,  in  the  form  of  an  ovipositor 
(Crampton  1920).  According  to  Silvestri,  there  is  a 
true  soldier  but  no  true  worker  caste.  He  describes  a 
worker-like  form  but  regards  it  as  a  nymphal  stage. 


THE  SOCIAL  INSECTS 


138 

Although  Holmgren  and  Hill  (1925)  regard  the  latter  form 
as  a  true  worker,  the  conditions  in  the  Calotermitidae 
would  seem  to  support  Silvestri’s  interpretation.  Holm¬ 
gren  and  Jucci  (1924)  have  shown  that  the  hypodermis 
of  Mastotermes  has  the  same  peculiar  structure  as  in 
Blattoids,  and  Jucci  has  found  that  the  fat -body  has 
bactériocytes  containing  symbiotic  bacteria  like  those 
described  by  Blochmann,  myself  and  others  in  the 
roaches.  Cleveland  (19236)  and  Jucci  have  also 
shown  that  the  hind  gut  of  Mastotermes  contains 
infusoria  like  those  occurring  in  all  the  other  lower 
groups  of  termites.  Hill  (1925)  has  recently  described 
the  eggs  of  M.  darwiniensis.  Unlike  those  of  all  other 
termites  they  are  "  extruded  in  masses,  each  com¬ 
prising  sixteen  to  twenty-four  eggs,  cemented  togethei 
laterally  in  two  parallel  rows  "  (Fig.  29),  a  condition 
strangely  reminiscent  of  the  arrangement  of  the  eggs 
in  the  oôthecæ  of  roaches. 

The  Calotermitidae,  which  are  somewhat  more  special¬ 
ized  than  the  Mastotermitidæ  comprise  a  number  of 
genera,  several  of  which  form  small  colonies  in  rather 
sound  wood  and  make  no  true  nests.  Miss  Thompson 
(1919)  has  shown  that  their  eggs  are  considerably  larger 
than  those  of  the  higher  termites  Termitidae).  She 
gives  the  following  measurements  for  the  ova  of  four  of 
the  genera:  Termopsis  i. 3-1.7  mm.;  Calotermes  1.2- 
1.4  m.m.  ;  Cryptotermes  1.2-1.3  mm.  ;  Neotermes 
1.6  mm.  I  shall  consider  very  briefly  only  the  three 
most  primitive  genera  :  Archotermopsis,  Termopsis 
and  Calotermes. 

Archotermopsis  wroughtoni,  which  is  the  sole  living 
representative  of  its  genus  and  inhabits  the  North-Western 
Himalayas  at  altitudes  varying  from  4,000  to  9,000  feet, 
has  been  conscientiously  studied  by  Imms  (1919).  The 
fully  developed  colonies  comprise  besides  the  royal  couple, 
winged  males  and  females,  soldiers,  worker-like  forms 
and  various  nymphal  stages,  but  no  true  workers. 
Eyes  are  present  in  all  the  forms,  though  small  in  the 
soldier.  The  eggs  are  few  in  number  and  of  large  size 
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(.95-. 98  mm.  long,  .45-. 5  mm.  broad).  "  The  soldiers 
rank  among  the  largest  known,  and  are  chiefly  remark¬ 
able  in  that  they  exhibit  well-defined  external  secondary 
characters,  a  feature  which  has  been  lost  in  almost  all 
other  Termites.  The  reproductive  system  exhibits  no 
indications  of  degeneration,  or  arrest  of  development 
and  is  in  a  condition  similar  to  that  found  in  the  winged 
sexual  forms,  prior  to  swarming  ”.  The  tarsi  of 
Archotermopsis  are  five-jointed  as  in  Mastotermes, 
Termopsis  and  Hodotermes  but  in  no  other  termites 
and  the  styles  and  cerci  are  very  long,  the  latter  being 
six  to  seven  jointed.  Imms  calls  attention  to  a  number 
of  Blattoid  traits  in  A.  wroughtoni,  e.g.,  the  structure 
of  the  digestive  and  reproductive  organs  of  both  sexes, 
the  presence  of  cæca  in  the  midgut,  not  recorded  for  any 
other  termites,  eight  Malpighian  vessels  (the  number 
in  young  roaches),  the  structure  of  the  salivary  glands, 
sahvary  receptacles  and  the  hypopharynx,  the 
resemblance  of  the  vesiculæ  séminales  of  the  male  to  the 
mushroom  gland  of  roaches,  the  spines  on  the  tibiae,  etc. 
Cutler  (1921)  has  called  attention  to  the  fact  that  the 
intestinal  Protozoa  of  Archotermopsis  are  of  a  more 
primitive  type  than  those  inhabiting  the  intestines  of 
higher  termites.' 

The  genus  Termopsis  is  represented  by  three  species 
which  are  confined  to  the  Pacific  and  North  Western 
States  of  North  America.  Two  of  the  species,  T. 
angusticollis  and  nevadensis  (Fig.  54),  have  been  carefully 


'  "  In  all  the  protozoa  examined  from  the  gut  of  Archotermopsis 
wroughtoni  the  nuclear  division  is  very  different  from  that  found  in 
related  species.  Further,  in  Ditrichomonas  termitis  the  nuclear  division 
and  the  locomotor  complex  is  of  a  more  primitive  nature  than  that 
described  for  other  Trichomonads  :  a  statement  probably  true  for 
loeyiopsis  polytricha  and  Pseudotrichonympha  pristhia.  It  appears 
that  the  protozoa  to  which  Archotermopsis  wroughtoni  is  host  are  in 
general  more  primitive  than  those  inhabiting  other  species  of  termites. 
Imms  describes  A .  wr.  as  ‘  one  of  the  most  primitive  of  living  termites  ’. 
The  association,  therefore,  of  primitive  parasites  or  ‘  guests  ’,  whichever 
the  case  may  be,  with  a  primitive  host  is  extremely  interesting,  and 
is  suggestive  that  the  two  groups  of  organisms  have  remained  associated 
together  for  a  long  period,  neither  having  developed  into  more  complex 
species,  as  has  occurred  with  other  termites  and  their  associated 
protozoa  ”. 
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studied  by  Heath  (igo2,  1907,  1927)  who  found  that  their 
colonies  may  sometimes  grow  to  a  considerable  sized 
1  here  is  no  true  worker  caste  and  the  soldiers  may  at 
least  occasionally  become  fertile  and  lay  eggs  which 
give  rise  to  viable  offspring,  though  their  later  develop¬ 
ment  has  not  been  followed.  They  often  possess  small 
wing-vestiges  hke  those  of  the  fertile  Archotermopsis, 
figured  by  Imms  and  the  soldiers  of  Caloternies  occidentis 
{vide  infra).  Miss  Thompson  (1922),  who  also  studied 
Termopsis,  believed,  on  what  now  seems  to  be  insufficient 
evidence,  that  the  soldiers  are  always  infertile. 

Calotermes  has  been  investigated  by  Grassi  and  Sandias 
(1893),  Heath  (1902),  Jucci  (1924)  and  others.  The 
genus,  of  which  more  than  fifty  species  have  been 
described,  is  cosmopolitan  and  is  represented  even  in 
New  Zealand  and  the  Galapagos  Islands.  The  colonies 
are  usually  small  and  comprise  the  same  castes  as  in 
Termopsis  and  Archotermopsis.  That  the  soldiers  may 
be  fertile,  at  least  occasionally,  is  indicated  by  Grassi’s 
observations  and  by  Snyder’s  statement  (1924)  that  in 
the  most  primitive  and  largest  species,  Calotermes 
occidentis  of  Central  America,  the  soldiers  uniformly 
have  vestiges  of  wings.  It  will  be  noticed,  therefore, 
that  the  development  of  the  soldier  caste  has  preceded 
the  incidence  of  sterihty.  This  was  clearly  seen  b}' 
Imms  in  Archotermopsis  and  the  fertile  Termopsis 


'  Heath’s  former  estimates  of  colony  growth  in  Termopsis  were  too 
great.  In  his  latest  paper  (1927)  he  says  ;  “  Royal  pairs  have  been 
found  of  such  size  and  in  burrows  so  spacious  (that)  at  least  one  year’s 
residence  is  indicated,  and  yet  they  were  without  offspring.  On  the 
other  hand,  other  colonies,  taken  in  the  same  general  period  (the  fall 
of  the  year)  and  in  favourable  situations,  comprised  as  many  as  twenty 
inhabitants.  By  the  close  of  the  second  year,  this  number  is  doubled 
in  the  case  of  T.  vevadensis,  averages  upward  of  one  hundred  the 
third  season,  and  increases  to  more  than  400  by  the  end  of  the  fourth 
year.  There  are  also  six  records  of  colonies  ranging  in  number  of 
individuals  from  786  to  1,120  ;  these  may  be  in  their  fifth  year.  Four 
other  colonies  vary  in  number  from  2,213  to  2,881,  and  may  be  in 
their  sixth  year.  A  few  other  communities,  close  to  the  3,500  mark 
in  number  of  inhabitants,  have  also  been  examined  when  the  extent 
of  the  burrows  strongly  suggests  an  occupancy  of  an  even  longer 
period  than  six  years,  although  definite  proof  is  lacking.  .\11  of  these 
communities  were  headed  by  the  original  king  and  queen  ”. 
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soldiers  found  by  Heath  (Fig.  54^)  and  the  normally 
sub-apterous  soldiers  of  Calotermes  occidentis  point 
to  the  same  conclusion.  Probably  a  study  of  fresh 
material  of  Mastotermes  darwiniensis  will  show  that 
also  in  this  most  primitive  of  termites  the  soldiers  are 
always  or  at  least  occasionally  fertile.  In  the  African 
Hodotermes  and  the  Japanese  Hodotermopsis,  which 
were  formerly  also  included  among  Calot ermitids,  a 
worker  as  well  as  a  soldier  caste  has  been  developed 
and  we  therefore  have  the  typical  number  of  castes  of 
the  Termitidæ,  or  higher  termites.  In  the  latter, 
however,  the  soldiers  and  workers  are  always  sterile 
and  in  Termes  even  complemental  royal  forms  seem  not 
to  be  developed. 

WTien  we  turn  to  the  paleography  of  the  termites  we 
find  that  they  are  recorded  from  nearly  aU  the  Tertiary 
formations  in  which  ants  have  been  preserved  but 
that  they  are  still  unknown  from  the  Mesozoic.  Hand- 
lirsch  (1908)  cites  quite  a  number  of  fossil  species. 
More  recently  von  Rosen  (1913a)  and  Snyder  (1925)  have 
published  revisions  of  the  known  forms  with  very 
illuminating  results.  Nearly  all  the  species  from  the 
Eocene,  Ohgocene  and  Miocene  of  Europe  and  North 
America  prove  to  belong  to  the  primitive  genera  we 
have  been  considering,  namely  Mastotermes,  Archo- 
termopsis,  Termopsis  and  Calotermes  and  to  closely 
alhed  extinct  genera.  Thus  the  only  termite  recorded 
from  the  European  Eocene  is  Mastotermes  bourne- 
mouthensis,  from  Bournemouth,  England.  Two  other 
species,  anglictts  and  batheri,  are  described  from  the  Middle 
Oligocene  of  the  Isle  of  Wight  and  one,  M.  croaticus, 
is  recorded  from  the  Miocene  of  Radoboj.  Von  Rosen 
also  interprets  Scudder’s  Eutermes  fossarum,  from  the 
Miocene  of  Colorado,  as  being  in  all  probability  a  Masto¬ 
termes.  Some  time  ago.  Prof.  E.  W.  Berry  showed  me 
a  drawing  of  a  beautifully  preserved  Mastotermes  wing 
which  he  had  found  in  the  Lower  Eocene  of  Tennessee, 
and  which  has  since  been  described  by  Collins  (1925) 
as  M.  wheeleri.  AD  this  is  very  interesting  because  it 
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shows  that  Mastotermes,  now  represented  by  a  single 
species  confined  to  Northern  Australia,  was  during  early 
and  middle  Tertiary  times  a  flourishing,  cosmopolitan 
genus.  To  a  closely  alhed  genus.  Mintermes,  von  Rosen 
assigns  four  species  from  the  European  Miocene  (Radoboj, 
Oeningen  and  Württemberg)  and  one  from  Florissant, 
Colorado  {M.  color  adensis  Scudder).  In  the  Baltic 
amber  there  is  a  species  of  Archotermopsis  {A.  tornquisti), 
a  genus  which,  as  we  have  seen,  is  now  restricted  to  the 
Himalayas,  and  three  extinct  genera  allied  to  Archo¬ 
termopsis  and  Termopsis,  namely  Xestotermopsis, 
Proëlectrotermes  and  Elect  rot  ermes.  Furthermore,  the 
four  species  of  Parotermes  from  Florissant,  three 
described  by  Scudder  (1883,  1890)  and  one  by  Cockerell 
(1913),  are  obviously  related  to  Hodotermes,  now  confined 
to  Africa,  Central  and  Southern  Asia,  and  also  belonging 
to  the  Calotermitidæ.  Cockerell  (1916)  has  described 
a  Termopsis  swinhoi  from  the  Burmese  amber  (Miocene). 
This  genus  is  now  restricted  to  Western  North  America. 
Von  Rosen  has  recognized  a  true  Calotermes  (C.  cening- 
ensis)  in  the  Miocene  of  Oeningen.  These  data  indicate 
very  clearly  that  the  primitive  termites  were  represented 
by  more  genera  and  species  in  Tertiary  times  than  they 
are  at  present.  Of  the  highest  termites  there  are  only 
a  few  species  in  the  Miocene  :  Odontotermes  pristimis 
from  Radoboj,  Eutermes  fraasi  from  Württemberg  and 
two  species  of  Termes,  obscur  us  and  croaticus,  from 
Radoboj,  and  the  generic  references  of  some  of  them 
are  doubtful.  Of  the  lower  Termitidæ  the  modern 
genus  Leucotermes  is  represented  by  one  species  {L. 
hartingi)  in  the  Miocene  of  Europe  and  one  in  Colorado 
{L.  meadi).  The  Baltic  amber  contains  three  species 
of  Reticulitermes,  a  genus  to  which  the  most  abundant 
of  living  European  and  North  American  termites  belong 
{R.  lucifugus  and  flavipes).  The  very  few  remains  of  the 
family  Termitidæ  in  the  early  and  middle  Tertiary  of 
Europe  and  North  America  may  indicate  either  that  the 
family  was  just  developing  or  that  the  climate  of  those 
regions  was  too  cool  for  them.  Even  to-day  the 
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Termitidæ  flourish  only  in  the  warmer  portions  of  the 
Ethiopian,  Oriental  and  Neotropical  regions. 

The  paleographic  data  thus  confirm  the  general  phylo¬ 
genetic  conclusions  derived  from  the  morphological  and 
taxonomic  study  of  the  living  termites  and  suggest  that 
they  must  have  originated  at  least  as  far  back  as  the 
Mesozoic.  There  is  nothing  to  prove  that  they  may 
not  have  begun  their  evolution  in  the  Permian,  when 
the  last  Protoblattoids  became  extinct.  Handlirsch 
(1903)  derives  the  termites  from  Blattoid  stock  in  the 
Cretaceous,  but  this  is  probably  too  recent.  Warren 
(1919)  has  pointed  to  certain  peculiarities  in  their  present 
geographical  distribution,  which  show  a  greater  survival 
of  the  most  primitive  genera  in  the  Northern  and  Southern 
sub-tropical  zones  and  the  greatest  representation  of 
higher  Termitid  genera  in  the  tropics.  After  selecting 
as  the  most  primitive  genera  Mastotermes,  Termopsis, 
Archotermopsis,  Calotermes,  Leucotermes  and  Copto- 
termes,  he  says  :  "If  the  species  contained  in  these 
genera  in  any  particular  region  are  added  together, 
and  compared  with  the  total  number  of  species  of  that 
region,  then  the  percentage  will  indicate  the  general 
facies  of  the  termite  fauna  ”.  His  results  are  given  in 
the  table  on  page  144. 

I  also  quote  his  general  conclusions  in  regard  to  the 
present  geographical  distribution  of  the  Isoptera, 
because  they  agree  in  the  main  with  those  suggested  for 
the  Formicidae  in  the  preceding  lecture  : 

“  (i)  There  is  an  ancient  or  primitive  aspect  to  the 
Northern  and  Southern  portions  of  the  termite 
area,  taken  as  a  whole.  Thus  North  America, 
North  India,  Japan  and  China,  along  the 
Northern  boundary,  and  Australia  in  the 
South,  possess  such  a  fauna. 

(2)  Africa  possesses  the  highest  termite  fauna, 
since  it  contains  a  greater  number  of  species, 
and  has  a  larger  percentage  of  species  belong¬ 
ing  to  the  more  specialized  genera  than  any 
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other  region  of  the  world.  For  the  com¬ 
parison  drawn  it  may  be  objected  that  the 
comparative  areas  of  the  different  regions 
should  be  taken  into  account.  If  such  is 
done  the  broad  results  would  not  be  essentially 
changed,  since  it  may  be  noticed  that  in 
the  relatively  small  area  of  the  Malay  Region 
some  185  species  have  been  recorded,  while 
from  the  Indian  Peninsula  and  Ceylon  only 
seventy-seven  and  from  the  whole  of  Australia 
only  fifty-three. 

(3)  Next  in  order  comes  the  fauna  of  the  Indo-Malay 

region,  which  includes  the  Indian  Peninsula, 
Assam,  Malay  Peninsula  and  the  Malay 
Archipelago.  These  regions  possess  a  greater 
proportion  of  species  of  less  specialized 
genera  than  is  found  in  Africa. 

(4)  South  America,  including  Central  America  and 

West  Indies,  possesses  a  fauna  which  is 
somewhat  more  primitive  than  that  of  the 
Indo-Malay  region,  and  the  number  of  species 
recorded  is  considerably  smaller,  being  188 
to  262. 

(5)  The  Termites  of  North  America  are  few  in  number 

and  primitive  in  character. 

(6)  The  Termites  of  Japan  and  Southern  China  are 

few,  but  there  is  a  high  percentage  of  un¬ 
specialized  species. 

(7)  In  Australia  the  number  of  species  in  the  termite 

fauna  is  somewhat  low,  but  there  is  a  high 
percentage  of  unspecialized  and  archaic 
forms. 

The  above  facts  suggest  the  following  hypothesis  : 
Since  in  the  Tertiary  Epoch  the  genera  Termes  and 
Eutermes  were  fully  established,  we  must  suppose  that 
in  Pretertiary  times,  when  the  contour  of  the  great  land- 
masses  was  not  the  same  as  at  the  present  day,  a  fauna 
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of  unspecialized  termite  genera  extended  over  con¬ 
siderable  portions  of  Australia,  Africa,  America,  Europe, 
and  Asia.  Failing  any  other  direct  communication 
between  the  Old  and  New  World,  we  must  suppose  that 
the  fauna  was  continued  to  the  North,  even  as  far  as 
Behring  Straits.  To  explain  the  distribution  of  termites 
it  is  necessary,  as  in  the  case  of  mammals,  at  least  to 
assume  a  land-connection  in  these  regions.  As  the 
climate  became  colder,  and  the  land-masses  gradually 
approached  their  present  contour,  evolution  of  new 
species  occurred,  especially  along  the  central  warmer 
portions  of  the  world  (South  America,  Africa,  India, 
and  Malay  Region),  while  North  (North  America,  Europe 
and  Middle  Asia)  and  South  (Australia)  the  remnant 
of  the  old  termite  fauna  persisted  and  shrank  towards 
the  equator. 

It  is  thus  possible  to  explain  the  present  distribution 
of  termites  without  the  assumption  of  a  land-connection 
by  an  Antarctic  continent. 

According  to  this  view,  the  genus  Porotermes,  which 
occurs  in  both  Chile  and  in  Austraha,  is  to  be  regarded 
as  a  portion  of  the  old  cosmopolitan  fauna  which  has 
persisted  along  the  Southern  border  of  the  termite 
area. 

The  relatively  primitive  character  of  the  Madagascar 
termite  fauna  may  be  due  simply  to  the  fact  that  a  forest 
country  is  favourable  to  Calotermes,  but  the  condition 
is  paralleled  by  the  persistence  in  Madagascar  of  the 
ancient  lemur  fauna,  which  was  largely  replaced  on  the 
main-land.” 

The  termites  certainly  appear  to  be  very  archaic 
insects — far  more  archaic  even  than  the  ants.  This  is 
not  surprising  when  we  consider  that  they  are  descended 
from  such  primitive  forms  as  the  Protoblattoids.  But 
even  the  living  orders  to  which  they  are  most  closely 
related  have  a  similarly  archaic  aspect,  or  habitus  and 
constitute  the  surviving  twigs,  so  to  speak,  of  an  ancient 
branch  of  the  original  Hexapod  stock  (Palaeodictyoptera). 
It  may  be  of  interest  to  glance  at  these  allied  orders. 
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because  some  of  them  have  only  recently  come  to  light 
and  because  most  of  them  suggest  that  even  the  most 
primitive  insects  in  past  ages  may  have  manifested  social 
prochvities.  That  societies  as  complicated  and  as 
highly  integrated  as  those  of  the  termites  could  arise 
among  such  archaic  forms  confirms  the  conclusion, 
not  so  readily  inferred  from  the  richly  endowed  Aculeates, 
that  simple  physiological  and  instinctive  activities  may 
be  quite  sufficient  to  produce  and  maintain  very  elaborate 
social  organizations. 

The  five  orders  of  extant  insects  wliicli  seem  to  be  most 
closely  related  to  the  Isoptera  are  the  Blattoidea, 
Embiidina,  Dermaptera,  Zoraptera  and  Grylloblattoidea, 
or  Notoptera.  They  may  be  briefly  discussed  seriatim. 

(i)  The  Blattoidea,  being  derived  from  the  Proto- 
blattoidea,  have  had  the  same  ancestry  as  the  termites 
and  though  they  have  acquired  the  peculiar  habit  of 
enclosing  their  eggs  in  an  ootheca  nevertheless  some¬ 
times  show  a  vague  approach  to  the  social  habits  of  the 
termites.  One  of  the  best  examples  is  Cryptocercus 
punctulatus,  our  sole  North  American  representative 
of  the  sub-family  Panesthinae.  It  is  known  to  occur  in 
the  Atlantic  States  from  the  Catskill  Mountains  to  Georgia 
and  Westward  to  Kentucky  and  also  in  the  Pacific 
States.  Its  distribution,  therefore,  is  discontinuous. 
One  other  species  is  known  from  Japan.  Concerning 
C.  punctulatus  Hebard  (1917)  says  :  “  This  remarkable 
insect  is  distinctive  among  the  North  American  roaches 
in  the  peculiar  pronotum,  which  is  thickened  and  some¬ 
what  hooded  cephalad,  in  the  absence  of  tegmina  and 
wings  and  in  the  production  of  the  sixth  dorsal  and 
ventral  abdominal  segments  which  completely  conceal 
the  genitalia  in  both  sexes  ”.  Hence  tlie  sexes  cannot 
be  distinguished  externally,  except  when  the  internal 
surface  of  the  sixth  ventral  sclerite  happens  to  be 
visible.  The  insect  always  occurs  in  similar  situations, 
living  in  colonies  consisting  of  the  parents  and  offspring, 
eating  their  way  like  termites  through  the  dead  sap-wood 
of  logs  and  stumps  in  places  where  the  wood  is  soft, 
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soggy  and  decayed.  Undoubtedly  Cryptocercus  is  a 
very  ancient  relict,  like  several  other  North  American 
and  East  Asiatic  animals,  such  as  Limulus,  the  giant 
salamander  of  Japan,  our  North  American  Menobranchus, 
Necturus,  etc.  In  New  Zealand  I  have  noticed  another 
roach,  Polyzosteria  novæ-seelandiœ,  with  very  similar 
habits,  though  sub-apterous  and  belonging  to  a  different 
sub-family,  the  Blattinæ.  Snyder  (1924)  calls  attention 
to  the  fact  that  in  the  roaches  of  the  genera  Salganea  and 
Panesthia  “  a  break  often  occurs  following  in  general 
the  anal  sulcus  at  the  base  of  the  wing,  as  at  the  humeral 
suture  of  termites,  where  the  wing  breaks  off  after  the 
colonising  flight  ;  in  the  primitive  termites  this  suture 
is  also  often  poorly  defined  ”.  He  also  says  that  "  it 
is  interesting  to  note  that  roaches  and  termites  mate 
in  a  similar  manner  ”,  but  this  statement,  as  I  shall  show 
in  the  sequel,  is  somewhat  misleading. 

(2)  The  Embiidina,  a  small  order  of  some  eleven 
genera  and  fifty-six  described  species,  are  confined  to 
tropical  and  sub-tropical  regions  and  live  in  small 
colonies  that  spin  silken,  anastomosing  galleries  either 
in  cavities  in  the  soil  under  stones  or  on  the  bark  of 
living  trees.  The  silk  is  spun  with  the  fore  feet,  the 
swollen  metatarsi  of  which  contain  pecuhar  sericiparous 
glands.  Several  observers  have  published  notes  on  the 
habits  of  these  insects,  which  feed  on  dead  vegetable 
substances  such  as  grass,  lichens  and  fungi.  Imms 
(1913)  describes  the  social  behaviour  of  a  Himalayan 
species,  Emhia  major  (Fig.  33),  which  is  nearly  an  inch 
long,  as  follows  :  “  Maternal  care  on  behalf  of  the 

ova  and  young  larvae  is  strongly  exhibited  by  the  females, 
in  very  much  the  same  manner  as  has  been  long  known 
to  occur  among  the  Dermaptera  from  the  observations 
of  Frisch,  De  Geer,  Xambeu,  Green,  and  others.  The 
female  Emhia  major  shows  very  marked  solicitude  for 
the  welfare  of  her  offspring  after  her  first  few  eggs  have 
been  deposited.  She  takes  up  her  position  in  close 
proximity  to  the  ova  and  usually  concealing  them,  so 
far  as  possible,  by  means  of  her  body.  If  alarmed  and 
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driven  awa}',  she  returns  sooner  or  later  to  take  up  the 
same  attitude.  When  the  young  larvæ  are  hatched, 
they  remain  around  the  parent  female,  who  conceals 
them,  so  far  as  she  is  able,  by  means  of  her  body,  very 
much  after  the  same  manner  as  a  hen  guarding  her  brood 
of  chickens  .  .  .  “As  the  larvae  approach  their 

second  stage  of  growth,  they  exhibit  a  tendency  to 
wander  away  from  the  female  and  construct  small  tunnels 
for  themselves.  They  are  markedly  social,  the  whole 
of  a  brood  living  together  within  a  complex  silken  mesh- 
work  of  tubes  ”. 

(3)  The  Dermaptera,  or  earwings,  are  so  weU-known 
that  I  need  not  dwell  on  their  behaviour.  A  couple  of 
recently  published  figures  (Figs.  30  and  31)  are  here 
reproduced  to  show  the  female  of  the  common  European 
Forficula  auricularia  caring  for  her  eggs  and  young. 
This  species  has  lately  been  introduced  into  the  United 
States  and  is  proving  to  be  a  nuisance  in  some  localities. 
Jones  (1917)  and  Fulton  (19246)  have  published  good 
accounts  of  its  habits  which  are  very  similar  to  those 
described  by  Bennett  (1904)  for  Anisolahis  maritima, 
which  has  also  been  introduced  into  North  America. 

(4)  The  order  Zoraptera  remained  unknown  till  1913, 
when  it  was  estabhshed  by  Silvestri  on  a  single  species 
of  the  genus  Zorotypus.  Several  additional  [forms  have 
since  been  described  from  various  tropical  countries — 
Africa,  Ceylon,  Java,  Costa  Rica,  and  Florida.  Professor 
A.  Emerson  has  taken  a  species  in  British  Guiana  and 
I  have  found  one  in  Panama.  Nothing  is  known 
concerning  the  habits  of  these  insects,  which  bear  a  greater 
resemblance  to  the  termites  than  any  of  the  groups  above 
mentioned,  apart  from  the  facts  that  they  live  in  small 
colonies  under  bark  or  in  dead  wood  and  sometimes 
in  the  vicinity  of  termitaria,  that  these  colonies  comprise 
winged  and  wingless  females  and  wingless  males,  and  that 
the  former  may  drop  their  wings  like  termites.  The 
winged  adults  have  well-developed  eyes  but  the  apterous 
adults  are  bhnd.  The  venation  of  the  wings  is  very 
unhke  that  of  termites,  and  the  tarsi  are  two-jointed. 
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(5)  In  1914,  Professor  E.  M.  Walker  described  under 
the  name  Grylloblatta  campodeiforniis  (Fig.  32)  a  slender, 
thysanuriform,  wingless  insect  which  he  found  running 
about  like  a  centipede  under  the  stones  on  a  talus  slope 
at  an  altitude  of  6,000  feet  at  Banff,  Alberta.  Since 
then  a  related  species,  G.  barheri  (Caudell  1923,  1924), 
has  been  taken  in  the  mountains  of  Plumas  County, 
Cahfomia  and  more  recently  two  species  nipponensis 
(Caudell  and  King  1924)  and  ishiana  (Silvestri  1927) 
have  been  discovered  in  Japan.  These  insects  are 
undoubtedly  very  ancient  relicts  hke  Cryptocercus  and 
Termopsis,  which  occur  in  the  same  regions.  According 
to  Walker,  Grylloblatta  combines  characters  of  the 
Blattoidea  and  Dermaptera.  Crampton  (1915)  regards 
it  as  a  link  betewen  the  Dermaptera  and  Isoptera,  but 
Imms  (1927)  and  Silvestri  (1927)  would  place  it  near  the 
Blattoidea  and  Mantoidea.  Walker  made  it  the  type  of 
a  new  family  of  Orthoptera,  but  Brues  and  Melander 
(1915)  erected  an  order,  GryUoblattoidea,  for  its 
accommodation.  Others  have  adopted  as  ordinal  names 
"  Notoptera  ”  or  “  Grylloblattaria  ”.  Comstock  (1924) 
leaves  the  taxonomic  status  of  the  insect  uncertain  ; 
Handhrsch  (1924)  assigns  it  superfamily  rank  among 
the  Orthoptera  and  between  the  Locustariæ  and  Trid- 
actylidae.  An  interesting  paper  on  the  behaviour  of 
Grylloblatta  has  been  published  by  Miss  Ford  (1926). 

You  will  have  observed  that,  with  the  exception  of 
the  GryUoblattoidea,  whose  breeding  habits  are  unknown, 
all  the  orders  allied  to  the  termites  exhibit  vague  but 
unmistakable  social  proclivities.  We  are  justified, 
therefore,  I  believe,  in  inferring  that  they  and  the 
Isoptera,  though  primitive  and  archaic  insects,  never¬ 
theless  indicate  a  possible  prevalence  of  this  mode  of 
life  among  the  ancient  Orthopteroid  ancestors.  And 
since,  as  I  have  shown  in  my  second  lecture,  there  is  now 
good  reason  to  assume  that  the  Hymenoptera  are  not 
descended  from  Orthopteroids,  as  Handhrsch  (1904, 
1908)  supposed,  but  from  very  different,  Mecopteroid 
ancestors,  we  must  disavow  any  genetic  relationships 


O 


l'ic;.  ^3.'*a.  I  yul>/û  Wû/or  lA  India,  tcmalc.  h.  Male.  (  \hei'  \.  1).  Imnis.) 
c.  .  \iii.ff///hiii  texaiui  ot  l'exas,  temale  in  \veh.  (  \fter  \.  !..  Mclander). 


Vlale  XXII. 


1-iG. 


?>4.  ^  (ninu;  and  tiuccn  oi:  \  [iKhtievnivs  turkiStiUiHHS  hcuinninu 

their  hiirntw  in  the  soil  after  the  nuptial  flight.  (  \tter  Cj.  Jacobson.) 


to  ditî 


i  ) 


'k..  ^5.  I of  iIk-  X  a.  a.  \\<ii-ki.r.  h.  Solilicr. 

i'.  I’lu'M 'nasi  l  ie  i|iii-cn.  il.  kiiiL;. 

I  h‘<  f  !>■  I S  ' 


THE  EVOLUTION  OF  TERMITES  151 

between  the  Aculeate  and  termite  societies.  The 
fundamental  differences  between  the  two  groups  are 
clearer  in  their  methods  of  colony  formation.  In  the 
Aculeata  the  colony  is  typically  established  by  the 
fecundated  female,  either  alone  after  the  marriage  flight 
or  accompanied  by  a  company,  or  swarm  of  workers. 
In  the  termites  there  is  also  a  flight  of  winged  males  and 
females  but  each  colony  is  established  by  a  couple  (royal 
pair)  after  dealation  (Fig.  34),  a  process  which,  among 
ants,  occurs  only  in  the  female.  Fuller  (1915),  in  his 
important  paper  on  South  African  termities,  has  shown 
that  the  males  and  females  of  each  species  exhibit  a 
rather  elaborate  courtship  after  the  dispersion  flight.  Of 
his  several  accounts  I  select  for  illustration  only  those 
of  Termes  natalensis  and  T.  latericius.  The  males  and 
females  of  T.  natalensis  “  flew  high  with  well-sustained 
flight,  and  many  passed  overhead.  The  females,  as 
appears  usual,  alighted  first  ;  selecting  free  and  high- 
standing  grass  spears.  Upon  gaining  a  foothold  (fifteen 
to  twenty  inches  from  the  ground)  they  at  once  reversed 
their  position  and  stood  head  downwards.  Then  all 
four  wings  were  half  opened  and  the  apex  of  the  abdomen 
became  visibly  swoUen.  Some  males  were  flying  low 
over  the  herbage  when  this  act  took  place,  and  in  a  short 
space  of  time  the  females  were  discovered  by  them. 
The  male  ahghts  as  a  rule,  directly  on  the  dorsum  of  the 
female,  flying  to  her  with  much  precision.  He  rapidly 
alligns  himself,  with  wings  closely  folded  and  head 
upward,  and  combs  across  and  across  from  one  cercus 
to  the  other  the  dilated  abdomen  of  the  female.  During 
this  the  female  sits  quite  still,  but  presently  she  dealates 
and  gives  evidence  of  restlessness  ;  when  her  movements 
sufficiently  stimulate  the  male,  he  dealates  and  crawls 
from  her  back.  The  female  then  moves  forward  down 
the  stem,  the  male  close  behind  with  mouth  organs  always 
closely  brushing  the  anal  plates  of  the  female.  There 
is  no  doubt  in  connection  with  this  mating  that,  whilst 
the  male  is  attracted  to  the  female  by  the  sense  of  smell, 
as  is  the  case  with  T.  vulgaris,  the  directness  with  which 
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he  alights  indicates  further  that,  within  a  circumscribed 
radius,  the  female  is  visible  to  him  ;  the  play  of  the  rays 
of  the  setting  sun  upon  her  half-spread  wings  rendering 
her  quite  a  conspicuous  object  ”, 

Concerning  T.  latericius  Fuller  writes  as  follows  : 
”  The  mating  of  this  species  was  observed  in  Pretoria 
at  dusk  on  December  4th,  i6th,  and  i8th,  1914.  The 
females  were  seen  to  alight  first,  taking  up  an  inverted 
position  on  pendulous  parts  of  grasses  and  herbage. 
Immediately  on  assuming  this  attitude  they  begin  to 
agitate  their  wings  violently,  and  keep  them  in  motion 
until  a  male  becomes  associated  with  them.  How  long 
a  female  may  go  on  agitating  the  wings  without  a  male 
finding  her  cannot  be  said,  but  one  watched  for  twenty 
minutes  never  stopped,  and  after  dark  was  still  unmated. 
The  males  seem  to  have  great  difficulty  in  finding  the 
females  ;  they  fly  low  and  incessantly  over  the  tops  of 
the  grasses,  and  again  and  again  approach  quite  near  to 
a  female,  and  even  circle  within  a  few  inches  around, 
only  to  fly  off  again  far  afield.  When  mating  was 
accomplished  during  twilight  it  was  noticed  that  the 
male  flew  in  narrowing  circles  around  the  female  and 
ahghted  near  to  her.  Directly  the  male  touches  the 
female  the  wings  of  both  drop  with  inexplicable 
suddenness,  those  of  the  female  seeming  to  fall  whilst 
still  being  agitated.  After  this  the  female  leads  the  way 
to  the  earth,  the  male  following  close  behind.  Here 
they  soon  burrow  into  the  soil,  and  there  form  a  cell. 
Two  pairs  which  burrowed  into  observation  cells  on 
December  i6th  had  both  produced  fifteen  to  twenty 
eggs  eight  days  later  ”. 

Thus  the  royal  couple  does  not  really  mate  till  the  initial 
nest-cell  has  been  excavated  by  their  co-operation. 
Owing  to  the  fact  that  the  penis  of  the  male  is  vestigial 
or  absent,  copulation  takes  place  by  simple  apposition 
of  the  genital  orifices.  The  act,  first  observed  by  Grassi 
(1893-94),  was  seen  to  be  frequently  repeated  during 
the  life  of  the  royal  couple  by  Heath  (1902)  and  Feytaud 
(1912).  In  the  course  of  time  the  queen  of  the  higher 
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termites  is  known  to  become  enormously  physogastric 
(Fig.  35).  She  is  constantly  accompanied  by  the  king, 
who  exhibits  only  a  feeble  enlargement  of  the  abdomen. 
Fuller  gives  the  following  description  of  his  majesty’s 
behaviour  {Termes  natalerisis)  ; — “  This  creature  displays 
an  extraordinary'  devotion  to  his  mate.  He  seldom 
wanders  more  than  an  inch  away  from  her  ;  constantly 
approaching  her  head  and  paying  apparent  court  ; 
then  inspecting  her  flanks  and  eggs  with  pre-occupied 
attention  ;  behaving,  in  short,  as  most  male  termites 
seem  in  the  habit  of  doing,  but  never  reveaUng  the  purpose 
of  his  existence.  The  male  is  always  somewhat  inflated 
with  body-fat  ;  the  conjunctiva  of  the  sides  of  the 
abdomen  being  distended,  but  not  that  of  the  dorsal 
and  ventral  sclerites  ”. 

The  courtship  behaviour  described  above  may,  I 
beUeve,  be  regarded  as  a  further  indication  of  the 
Orthopteroid  afiinities  of  the  Isoptera.  It  is  well-known 
that  elaborate  types  of  courtship  are  not  exhibited  by 
the  Hymenoptera,  though  they  are  frequent  in  Diptera, 
Lepidoptera  and  Orthoptera.  I  have  recently  (1925) 
published  an  account  of  some  singular  cases  among  the 
flies.  Fabre’s  fascinating  descriptions  of  the  courtship 
of  Mantids  and  Locustids  are  well  known,  and  Hancock 
{1905),  von  Engelhardt  (1914)  and  Fulton  (1915)  have 
described  it  in  the  Giy'Uids  of  the  genus  Oecanthus. 
In  the  latter  insects  the  female  is  enticed  to  the  male 
by  a  peculiar  gland  on  the  back  of  the  thorax  and  feeds 
on  the  secretion  before  or  after  mating.  Recently 
Wille  (1920)  has  described  in  detail  the  somewhat  similar 
courtship  and  copulation  of  our  common  roach,  Phyllo- 
dromia  germanica.  In  this  case  the  female  feeds  on  the 
secretion  of  the  male,  but  the  glands  open  on  the  dorsal 
surface  of  the  abdomen.  In  the  termites  the  rôles  are 
reversed,  the  male  being  attracted  by  the  glandular 
secretion  emanating  from  the  tip  of  the  female’s  abdomen 
and  copulation  is  a  much  less  elaborate  process  than 
in  the  Blattids.  Snyder’s  remark  above  quoted  there¬ 
fore  requires  qualification. 
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That  Fuller’s  observations  on  the  courtship  and  found¬ 
ing  of  the  colony  among  South  African  termites  are  also 
of  more  general  behaviouristic  significance  is  evident 
from  the  following  passage  :  "  It  seems  almost  certain 
that  this  phase  in  the  history  of  a  termite  is  a  succession 
of  events  which  follow  upon  one  another  in  regular 
order,  and,  if  the  chain  is  broken  at  any  point,  it  remains 
so.  This  may  be  illustrated  by  several  specific  cases. 
The  night-flying  Eutermes  trinervius,  if  attracted  by 
illuminating  a  white  sheet,  ahghts,  and  both  sexes  dealate 
after  meeting.  If  some  are  captured  at  once  before 
meeting  and  placed  in  a  tube,  they  do  not  dealate. 
Some,  so  captured,  have  been  kept  over  four  days  alive 
in  confinement,  and  whilst  a  few  dealated,  or,  to  be 
more  correct,  lost  their  wings,  no  attempt  at  pairing 
was  made.  The  same  holds  good  of  the  dusk-flying 
Termes  incertus,  but  to  a  modified  extent  only.  Further, 
with  these  two  species  and  three  others  (undetermined) 
no  attempt  is  made  at  burrowing  if  the  sexes  are  kept 
separate.  In  the  case  of  two  males  confined  together 
it  was  noticed  that  one  would  frequently  follow  the  other 
as  if  it  were  a  female.  The  stimulation  induced  them 
to  burrow  together,  but  they  soon  desisted  from  doing 
so,  although  stimulated  thereto  several  times  by  one 
another  ;  ultimately  they  died  on  the  surface  of  the  soil. 
Again,  a  number  of  pairs  of  T.  natalensis  were  captured 
one  evening  and  placed  in  a  small  box  ;  in  the  morning  it 
was  found  that  the  couples  had  lost  all  regard  for  one 
another  ;  they  were  allowed  to  wander  over  a  table,  but 
none  again  mated  voluntarily.  When,  however,  artificial 
burrows  were  made,  and  the  pairs  placed  in  them  side 
by  side,  the  environment  reacted  upon  them  at  once  and 
they  burrowed  to  the  bottom  of  the  jar.  In  1914, 
similar  results  attended  the  mating  and  re-mating  of 
this  species  ”. 

In  the  remainder  of  my  account  of  the  archaic  aspects 
of  the  termites  I  shall  have  to  be  brief.  Next  to  the 
sexual  peculiarities,  already  discussed,  perhaps  the  most 
conspicuously  primitive  traits  are  exhibited  by  their 
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ontogeny  and  their  feeding  habits,  which  have  had  far- 
reaching  effects  on  all  their  social  activities.  Owing  to 
their  rigid  retention  of  the  gradual,  ametabolic  type  of 
ontogeny,  so  characteristic  of  the  whole  Orthopteroid 
series,  the  termites  have  developed  less  intimate  relations 
between  the  parents  or  other  adult  members  of  the  colony 
and  the  young  than  we  find  among  the  social  Aculeata. 
In  these  insects  the  larvae  and  pupae  are  quite  helpless  so 
that  the  former  have  to  be  carefully  fed  and  both,  in 
the  ants,  have  to  be  transported  to  favourable  and 
away  from  unfavourable  conditions  of  temperature, 
moisture,  etc.  In  termites  such  care  is  restricted  to  the 
eggs  and  very  young  nymphs.  Moreover,  in  the  gradual 
development  of  the  nymphs  with  their  series  of  active 
instars  separated  by  moults  there  is  the  possibility, 
non-existent  among  Aculeates,  of  permanent  arrest  of 
growth  at  a  number  of  different  and  very  definite  periods 
of  development.  This  arrest  may  affect  both  the  soma 
and  the  gonads  as  in  the  soldiers  and  workers  of  the  higher 
termites  or  it  may  extend  to  the  soma  only.  In  such 
cases  ‘‘  neotenia  ”  may  result  and  we  have  the  com¬ 
plementary,  or  substitute  males  and  females,  which 
in  the  colonies  of  certain  termites  may,  whoUy  or  in 
part,  replace  the  royal  couple  when  it  dies  of  old  age  or 
from  other  causes.  In  the  Aculeata,  of  course,  no 
such  developmental  resources  are  available,  although 
atypical  adult  forms  may  be  produced  (ergatomorphic 
females,  pseudogynes,  pterergates,  etc.).  The  gradual, 
ametabolic  development  of  termites,  together  with  the 
equal  representation  of  both  sexes  in  the  personnel  of 
the  colony,  certainly  presents  the  basis  for  a  more 
elaborate  polymorphism  than  is  found  among  tlie  female 
colonies  of  the  social  Aculeata. 

The  termites,  probably  because  their  immediate 
ancestors  never  passed  through  a  predatory,  carnivorous 
stage,  failed  to  acquire  many  of  the  extraordinary 
instinct  endowments  which  we  observe  in  the  social 
Aculeates.  Unhke  these  aggressive  and  high-strung 
insects,  they  have  lived  and  for  the  most  part  stiU  live 
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within  their  food,  like  the  wood-boring  beetles.  Even 
the  ability  to  forage  for  vegetable  food  and  to  store  it 
is  confined  to  certain  Hodotermitidas  and  Termitidæ, 
such  as  the  species  of  Hodotermes  which  collect  grass  in 
the  dayUght,  the  highly  specialized  species  of  the  genus 
Eutermes,  e.g.,  the  Ceylonese  E.  monoceros,  which, 
according  to  Bugnion  (1909,  1914)  forages  for  lichens, 
various  African  and  Australian  species  of  the  same 
genus,  which  collect  dead  grass,  and  Termes  latericius, 
which  harvests  seeds  (Fuller).  But  even  the  species  of 
Termes,  the  only  forms  that  have  learned  to  grow  fungi 
on  masses  of  their  own  excrement  as  food  for  their  young 
and  the  royal  couple,  still  feed  largely  on  humus,  dead 
grass  and  wood,  and  are  apparently  very  far  from  having 
attained  to  the  skiU  of  the  Attine  ants  in  cultivating, 
propagating  and  utilizing  the  fungi  (see  Morstatt,  1922). 

The  ultra  conservative  habit  of  devouring  wood  and 
Hving  in  its  cavities  (Fig.  37)  is  the  key  to  an  understand¬ 
ing  of  most  of  the  social  peculiarities  of  the  termites. 
It  has  long  been  suspected  that  they  are  unable  to  digest 
the  cellulose  unaided  and  several  investigators  have 
surmised  that  the  ciliated  protozoa  which  occur  in  great 
numbers  in  the  intestines  of  the  lignivorous  species, 
actually  ingest  the  cellulose  and  render  it  assimilable  by 
their  hosts. ^ 


I  The  following  statement  in  regard  to  the  occurrence  of  the 
protozoa  in  termites  is  made  by  Cleveland  (19236).  “  Careful  examin¬ 

ation  of  the  intestinal  contents  of  five  workers  of  each  species  of  termites 
in  the  U.S.  National  Museum  revealed  that  wherever  protozoa  were 
present  wood  was  also  present  and,  mutatis  mutandis,  protozoa  were 
present  only  when  wood  was  present  ;  thus  confirming  Imms’  postu- 
latum.  Four  families  of  termites  are  known.  Among  the  eighteen 
genera  and  sixty-four  species  examined  from  the  family  Termitidæ, 
protozoa  and  wood  were  present  in  only  one  of  the  twenty-one  species 
of  the  genus  N asutitermes  and  two  of  the  eight  species  of  the  genus 
Mirotermes  •,  but  protozoa  and  wood  were  present  in  eighteen  genera 
and  seventy-six  species,  or  all  that  were  examined,  in  the  other  three 
families  (Mastotermitidæ,  Kalotermitidæ  and  Rhinotermitidæ). 
Thus  the  correlation  between  a  strict  wood-feeding  habit  and  the 
presence  of  intestinal  protozoa  is  perfect  and  positive  ”.  This  dis¬ 
tribution  agrees  with  that  given  by  Grassi  in  1917  and  quoted  by  Jucci 
(1924,  p.  209).  In  another  paper  (19236)  Cleveland  giv'es  an  extensive 
taxonomic  list  of  the  termites  in  which  protozoa  have  and  have  not 
been  found. 
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A  considerable  body  of  literature  has  been  published 
on  the  protozoa,  of  which  many  species  have  been  described 
since  they  were  first  discovered  by  Lespès  in  1856. 
More  recently  Buscalioni  and  Comes  (1910),  Imms 
(191g),  Jucci  (1924),  and  Cleveland  (1923^,  19236,  1924, 
1925^-19256)  have  devoted  considerable  attention  to 
the  interesting  problems  suggested  by  these  unicellular 
organisms  and  their  possible  rôle  as  symbionts.  Grassi 
in  1911,  by  heating  termites  to  about  35°  C.,  succeeded 
in  killing  off  the  protozoa  in  their  hind-guts  without 
injuring  the  termites  themselves.  He  claimed  that 
they  lived  several  months  and  inferred  that  they  could 
digest  wood  without  the  aid  of  the  protozoa.  Cleveland, 
however,  who  has  carried  the  heating  experiments 
further  with  Reticulitermes  Jlavipes,  Termopsis,  and 
other  North  American  species,  succeeded  in  completely 
“  defaunating  ”  the  termites,  i.e.,  in  killing  aU  the 
intestinal  protozoa  by  keeping  the  insects  at  a  tempera¬ 
ture  of  36°  C.  for  twenty-four  hours.  Such  individuals, 
when  fed  with  a  nonnal  wood  diet,  die  in  the  course  of 
ten  to  twenty  days,  but  when  given  digested  wood 
(humus)  or  fungus-digested  cellulose  live  indefinitely. 
They  also  continue  to  five  when  reinfected  with  protozoa. 
Cleveland  also  found  that  while  the  other  intestinal 
organisms  of  termites,  the  bacteria  and  fungi,  are  unable 
to  digest  cellulose,  the  protozoa  of  the  genera  Tricho- 
nympha  and  Pyrsonympha,  so  common  in  Reticulitermes 
flavipes,  possess  this  ability.  It  is  absent,  however,  in 
some  of  the  other  intestinal  protozoa.  He  believes  that 
the  protozoa  derive  their  proteins  from  their  hosts, 
but  Jucci  (1924)  finds  that  the  protozoa  may  be 
digested,  so  that  the  hosts  probably  derive  much  of 
their  proteins  from  the  bodies  of  the  symbionts.  This 
indirect  and  dependent  method  of  obtaining  their 
carbohydrates  and  proteins  seems  to  have  been  aban¬ 
doned  by  the  higher  Old  World  Termitidæ  which  have 
come  to  live  on  humus  (Cubitermes,  Anoplotermes, 
etc.)  and  fungi  grown  on  their  excrement  (Termes) 

(Fig-  36). 
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Xylophagy  has  had  at  least  two  other  far-reaching 
effects  on  the  social  organization  of  the  termites.  In  the 
first  place,  the  bulky  and  at  best  rather  slowly  digestible 
food  seems  to  be  responsible  for  their  habit  of  feeding  one 
another  with  regurgitated,  partially  digested  “  stomodeal” 
and  voided,  more  completely  digested,  “  proctodeal  ” 
food,  a  form  of  trophaUaxis,  which  certainly  favours,  if 
indeed  it  be  not  necessary  to  the  thorough  infection  of  the 
various  individuals  of  the  colony  with  the  symbiotic 
protozoa.  BruneUi  (1904)  calls  this  feeding  of  the 
termites  on  the  digested  and  partly  digested  contents  of 
the  intestines  of  other  individuals  not  inaptly  “  social 
rumination  ”.  In  the  second  place,  the  habit  of  tunnell¬ 
ing  through  the  wood  and  devouring  it  has  naturally  led 
to  the  development  of  a  timid  cryptobiosis  and  all  that  it 
implies,  the  degeneration  or  loss  of  the  eyes,  especially  in 
the  soldier  and  worker  castes,  the  loss  of  pigment  and  the 
thinning  of  the  integument,  except  in  the  winged  forms 
and  the  head  and  thorax  of  the  soldiers,  and  the  very 
general  photophobic  and  hygrophilous  proclivities  of  all 
the  members  of  the  colony.  The  defencelessness  thus 
acquired  has  in  turn  led  to  the  development  of  a  diversity 
of  protective  structures  and  behaviour  like  the  mandibles, 
hard  cranium  and  cephalic  glands  of  the  soldiers  and  in 
the  higher  Termitidae  the  agglutination  of  earth,  fæces, 
etc.,  to  form  a  solid  nest,  or  termitarium.  Such  pro¬ 
tective  adaptations  have  proved  to  be  necessary  on 
account  of  the  numerous  enemies,  particularly  the  ants, 
many  of  which  live  largely  or  entirely  on  termites.  This 
is  true  especially  of  the  predatory  Ponerinæ,  e.g., 
Megaponera  fœtens,  Paltothyreus  tarsatus  and  Euponera 
senaarensis  in  Africa,  Neoponera  commutata,  Pachycondyla 
crassinoda  and  Paraponera  clavata  in  Central  and  South 
America  and  a  number  of  species  of  Leptogenys  in  the 
tropics  of  both  hemispheres.  In  a  paper  describing  the 
various  methods  of  defense  among  termites,  Bugnion 
(1923)  says  ;  “  In  tropical  countries  the  termites  have  no 
enemies  more  redoubtable  and  none  they  actually  fear 
more  than  the  ants.  Between  these  little  creatures  there 
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is  an  incessant  struggle,  an  implacable  warfare  which  has 
been  waged  without  mercy  for  thousands  of  years.  Hence 
the  varied  and  ingenious  methods  of  defence  which  the 
termites  have  developed  and  which  are  nearly  all 
designed  to  protect  them  from  the  attacks  of  their 
hereditary  foes,  the  ants.”  At  the  same  time  it  should  be 
noted  that  some  tropical  ants  will  not  devour  termites. 
This  seems  to  be  true  of  our  formidable  Neotropical  army 
ants  (Doryhnæ)  of  the  genus  Eciton.  The  African 
Dorylines,  Anomma,  Typhlopone,  Rhogmus,  etc.,  however, 
seem  to  be  very  fond  of  them.  There  is  a  host  of  species 
(Carebara,  Pædalgus,  Aëromyrma,  etc.)  which  live  as 
thief-ants  in  the  walls  of  the  termitaria  and  prey  on  their 
inhabitants,  and  an  even  greater  host  which  drives  the 
termites  partially  or  completely  out  of  their  nests  and 
takes  possession  of  their  galleries.  In  Australia  this  is 
the  regular  habit  of  Iridomyrmex  sanguineus  and  of  many 
ants  of  the  genera  Opisthopsis,  Calomyrmex,  Polyrhachis, 
Camponotus,  etc.  Another  series,  too  numerous  to  cite, 
behaves  in  hke  manner  towards  the  African  Termitidæ. 
One  who  has  witnessed  this  incessant  and  implacable 
warfare  between  the  ants  and  termites  of  the  tropics  can 
only  wonder  whether  eventually  the  former  may  not  be 
destined  to  exterminate  the  latter. 

Reverting,  in  conclusion,  to  De  Grange’s  definition  of  a 
society  as  an  accumulative  collectivity,  we  see  that  the 
most  conspicuous  accumulative  activities,  at  least  in  the 
higher  termites,  are  architectural  and  the  result  of  their 
having  early  resorted  to  a  food-supply  which  was  abundant 
and  readily  obtainable  but  not  easily  assimilable.  The 
peculiar  food  also  furnished  very  simple  conditions  in 
which  to  establish  their  colonies,  originally  in  aU  prob¬ 
ability  like  those  of  various  subsocial  beetles  (Passalus, 
Phrenapates,  Parandra,  Coccidotrophus,  Micromalthus, 
etc.).'  All  of  these  insects  live  in  cavities  of  plant  tissues. 

‘  On  re-reading  an  interesting  paper  by  Lameere  (1909)  since  this 
paragraph  was  written,  I  find  the  following  similar  but  more  detailed 
account  of  the  hypothetical  origin  of  the  termite  colony  :  “  Let  us 
endeavour  to  picture  in  imagination  the  roaches  adapting  themselves 
to  a  woody  diet  and  tunnelling  the  tree  trunks  which  become  at  the 
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The  later  more  elaborate  developments  or  accumulations 
(polymorphism,  trophallaxis,  mycetophagy,  etc.)  were 
probably  acquired  very  naturally  as  the  result  of  more 
complicated  interactions  among  the  individual  termites 
and  between  them  and  their  chosen  ligneous  environment. 


same  time  their  natural  habitat.  W’hat  energy  they  must  expend  and 
what  precautions  to  insure  the  welfare  of  their  progeny  !  The  ootheca 
may  disappear  ;  it  has  become  useless  since  the  eggs  are  as  well 
protected  by  being  simply  laid  in  the  galleries  hollowed  in  the  wood 
and  now  constituting  the  nest.  This  is  a  saving  that  can  be  easily 
realized.  But  the  young  on  hatching  are  unable  to  obtain  sufficient 
nourishment  by  attacking  so  refractory  a  substance  as  wood  ;  they 
are  therefore  fed  by  the  mother  and  the  great  advantage  of  the  father’s 
co-operation  in  this  activity  is  obvious.  We  therefore  have  a  situation 
very  much  like  that  of  the  Lucanid  beetles  of  the  genus  Passalus, 
which  burrow  in  all  directions  in  rotten  tree-trunks  and  both  the  male 
and  female  of  which  masticate  the  wood  as  food  for  the  larvæ  ”. 
W'e  should  now  have  to  substitute  ‘‘  Protoblattoids  ”  for  "  roaches  ” 
in  this  passage. 


\'II 


POLYMORPHISM 

Polymorphism  was  frequently  mentioned  in  the  preceding 
lectures  but  I  refrained  from  discussing  it  because  it  keeps 
recurring  in  very  nearly  all  the  social  insects  and  could 
not  be  viewed  in  proper  perspective  till  their  idiosyncracies 
had  been  surveyed.  It  is  twenty  years  since  I  first 
discussed  this  perplexing  subject  (1907a).  In  the  mean¬ 
time  it  has  been  constantly  in  my  thoughts  and  I  have, 
of  course,  consulted  all  the  pertinent  works  to  which  I 
could  gain  access.  At  no  period  have  the  students  of  the 
social  insects  been  so  numerous,  evinced  a  keener  interest 
in  or  been  better  equipped  to  deal  with  the  subject.  And 
yet  we  have  made  little  progress  towards  the  solution  of 
the  many  problems  suggested  by  the  phenomena  of 
polymorphism.  It  is,  in  fact,  so  intricate  that  although 
I  have  set  apart  two  lectures  for  its  discussion  I  shall  be 
able  to  present  only  a  small  number  of  its  many  aspects 
and  difficulties.  Perhaps  it  will  conduce  to  clearness, 
if  I  conhne  this  lecture  to  an  account  of  some  of  the 
leading  facts  and  more  obvious  inferences  and  in  the  next 
delve  into  the  speculations  which  they  have  suggested 
and  will  no  doubt  long  continue  to  suggest. 

It  is  difficult  to  define  polymorphism,  because  the 
phenomena  to  which  zoologists  apply  the  term  in  its 
broadest  sense  grade  insensibly  into  those  of  variation, 
mutation  and  metamorphosis,  of  alternation  of  genera¬ 
tions  (heterogony),  pædogenesis,  seasonal  and  other  types 
of  heteromorphosis  and  heterochromatism.  If  we  restrict 
the  term  to  the  cases  in  which  two  or  more  different  kinds 
of  individuals  of  the  same  species  coëxist,  it  includes,  of 
course,  sexual  dimorphism  and  the  differences  between 
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young  and  adults,  but  as  employed  by  entomologists,  it 
is  properly  applied  to  the  coëxistence  of  two  or  more 
adult  forms  of  the  same  sex,  the  “  pœcilandry  ”  and 
“  pœcilogyny  ”  of  de  Peyerimhoff  (1897).  There  are  also 
polymorphic  larval  forms,  cases  of  what  Giard  (1891, 1894, 
1905)  called  “  pœcilogony.”  I  shall  have  occasion  to 
refer  to  these  and  to  polymorphism  in  various  insects  but 
my  main  concern  is  with  the  social  species.  The  latter 
are  unfortunately  so  pecuharly  constituted  that  their 
polymorphism  is  often  regarded  as  necessarily  bound  up 
with  certain  other  phenomena,  such  as  those  of  sex- 
determination,  parthenogenesis,  neotenia,  sterility  and 
arrest  of  development,  some  of  which  may  be  briefly 
considered  for  the  purpose  of  ehminating  them  from  the 
general  discussion.  The  problem  of  the  sex  of  the 
offspring  of  parthenogenetic  female  insects  has  been  much 
befogged  by  the  eternal  discussion,  especially  in  Germany, 
of  the  honey-bee,  an  exceptional  creature  which  it  is  very 
difflcult  to  dislodge  from  zoological  text-books  and  lecture 
rooms  as  the  paragon  of  social  insects.  It  is,  of  course, 
well  known  that  the  offspring  of  unfecundated  Hymen- 
optera  are  usually  males,  but  the  exceptions  are  becoming 
so  numerous  that  the  so-called  Dzierzon  "  law  ”  should 
be  regarded  merely  as  a  common  occurrence  to  be  noted 
in  the  particular  species  in  which  it  happens  to  be  observed. 
It  is  not  a  law,  but  at  most  a  rule.  That  it  has  no 
necessary  connection  with  the  polymorphism  of  the  social 
insects  is  sufflciently  proved  by  the  termites,  in  which  both 
sexes  develop  from  fertilized  eggs  and  are  equally 
polymorphic.  Winkler  (1920,  p.  76-108)  has  recently 
taken  the  pains  to  record  the  sexes  produced  by  partheno¬ 
genetic  females  among  insects  and  especially  among  the 
Hymenoptera.  Among  the  Phytophaga  he  cites  twenty- 
four  species  as  definitely  known  to  be  thelytocous,  two 
which  are  ampherotocous  and  more  than  forty  which  are 
arrhenotocous.  But  many  of  the  cases  recorded  as 
thelytocous  are  not  pure  since  a  few  males  may  be 
produced  among  the  females.  He  cites  among  the  Tere- 
brantia,  excluding  the  Cynipidae,  in  which  ampherotocy 
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alternates  with  bisexual  reproduction  and  including 
the  Bethylidæ,  fourteen  species,  representing  thirteen 
genera  and  several  families,  as  certainly  thelytocous  and 
several  which  are  incompletely  so,  since  the  broods 
comprise  also  a  few  males.  There  are,  moreover,  a  few 
ampherotocous  forms,  though  undoubtedly  arrhenotocy 
is  the  most  prevalent  type  of  parthenogenesis.  A  few 
peculiar  cases  may  be  mentioned,  which  have  come  to 
light  in  America  since  Winklers  work  was  published. 
After  breeding  many  thousand  individuals  of  Habrobracon 
brevicornis,  Whiting  (1921)  has  demonstrated  that  males 
may  occasionally  develop  from  fertilized  eggs.  He 
informs  me  that  he  has  also  secured  a  few  females  from 
unfertihzed  eggs,  and  Leiby  (1922)  asserts  that  the 
fertilized  eggs  of  Copisosoma  gelechice,  a  polyembryonie 
Chalcidid,  produce  either  male  or  female  offspring,  though 
unfertihzed  eggs  produce  only  males.  Mr.  S.  M.  Dohanian 
who  has  been  experimenting  for  many  years  with  various 
parasitic  Hymenoptera  at  the  Federal  Gypsy  Moth 
Laboratory  at  North  Melrose,  near  Boston,  sends  me  the 
foUowing  interesting  notes  : — “  In  our  studies  of  the  hfe 
history  and  habits  of  the  hyperparasites  of  one  of  our 
important  gypsy  moth  parasites,  Apanteles  melanoscelus , 
Mr.  C.  F.  W.  Muesebeck  and  myself  have  bred  at  least 
three  secondaries  which  have  produced  exclusively  females 
in  parthenogenesis.  The  following  are  excerpts  from  our 
prepared  manuscript,  to  be  submitted  very  shortly  for 
pubheation,  and  treating  of  species  entirely  thelytocous 
in  parthenogenesis  :  Females  of  Hemiteles  tenellus  Say 
are  invariably  secured  in  parthenogenetic  reproduction. 
In  the  laboratory  we  have  obtained  several  pure  hues  of 
females  through  twelve  generations,  over  a  period  of 
three  years.  The  male,  if  this  sex  exists,  is  unknown. 
In  the  course  of  the  rearing  of  many  thousands  of 
parasites  from  field-collected  cocoons  of  Apanteles 
melanoscelus,  nothing  has  been  obtained  that  could  be  the 
male  of  this  species,  although  females  have  always  been 
secured  in  large  numbers.  It  is  interesting  to  note  at 
this  point  that  males  of  the  European  Hemiteles  areator 
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(Panz.),  which  is  not  clearly  distinguishable  from  tenellus 
morphologically,  and  of  which  tenellus  has  sometimes  been 
regarded  as  a  subspecies  or  variety,  occur  abundantly  in 
museum  collections.  Having  the  opportunity,  during  the 
summer  of  1924,  to  determine  the  result  of  partheno- 
genetic  reproduction  with  H.  areator,  we  found  that 
unfertihzed  females  produce  males.  It  is  evident  from 
the  disparity  in  the  biology  of  the  two  forms  that  they 
are  quite  distinct.  Parthenogenesis,  or  reproduction 
without  fertilization,  has  been  so  often  noted  among  the 
parasitic  Hymenoptera,  that  it  may  be  regarded  as  of 
general  occurrence  in  these  groups.  All  the  hyper- 
parasitic  species  attacking  Apanteles  melanoscelus  were 
found  to  be  capable  of  reproducing  without  previous 
fertilization,  as  would  be  expected.  But  of  particular 
interest  in  this  connection  was  the  observation  that 
different  species  of  a  given  genus  may  differ  with  regard 
to  the  sex  of  the  progeny  resulting  from  parthenogenetic 
reproduction.  One  of  the  two  common  species  of 
Hemiteles  reared  from  Apanteles  was  found  to  be 
arrhenotocous,  while  the  other  is  always  thelytocous. 
The  two  species  of  Pleurotropis  and  those  of  Anastatus 
obtained  from  the  Apanteles  cocoons  differ  in  the  same 
way,  one  species  in  each  genus  always  producing  males, 
the  other  females.  Males  of  the  thelytocous  species  have 
not  been  encountered  or  at  least  have  not  been 
recognized.”'  Picard  (1922)  has  also  studied  two  of  the 
European  species  of  Hemiteles,  fulvipes  and  longicauda. 
The  former  is  a  general  parasite,  attacking  other  parasites, 
especially  Apanteles  spurius,  various  Microgasters,  some 
Tenthredinidæ  {Blennocampa  pusilla)  and  apparently  even 
the  eggs  of  spiders.  The  virgin  females  produce  only 
male  offspring.  H.  longicauda,  which  is  a  hyperparasite 
of  Apanteles  glomeraius,  however,  is  regularly,  if  not 
exclusively  thelytocous. 

Finally,  in  the  Aculeata,  there  are  several  cases  in  which 
females  are  said  to  have  developed  from  unfertilized 

*  The  observations  of  Muesebeck  and  Dohanian  have  been  recently 
published  (19^7)- 


POLYMORPHISM 


il>5 

eggs.  Without  stoi)piiig  to  cite  the  works  of  other 
antitlzierzonists,  attention  may  be  called  to  those  of 
Onions  (1912,  1914)  and  Jack  (1917),  according  to  whom 
the  workers  of  the  South  African  race  of  Apis  mellifica 
(var.  kaffra  or  intennissa) ,  though  possessing  a  sperma- 
theca,  produce  parthenogenetically  not  only  males  and 
and  workers  but  even  queens  !  In  solitary  and  other 
social  bees,  according  to  the  recent  ingenious  investigations 
of  Descy  (1924)  on  Osmia,  of  Stockhert  (1923)  on  Halictus 
and  many  observers  of  Bombus,  parthenogenetic  females 
are  always  arrhenotocous.  The  same  results  are  recorded 
for  unfecundated  ant  queens  and  workers  by  Forel  (1874), 
Lubbock  (1888),  Miss  Fielde  (1901),  Janet  (1909), 
Tanquary  (1913),  and  myself,  but  there  are  exceptions. 
Tanner  (1892)  claimed  that  in  his  artificial  nests  workers 
of  the  large  leaf-cutting  ant  of  Trinidad,  Atta  cephalotes, 
produced  males,  workers  and  queens,  and  Reichenbach 
(1902),  Mrs.  A.  B.  Comstock  (Wheeler,  1903)  and  Crawley 
(1912)  claim  to  have  reared  workers  from  the  unfecundated 
eggs  of  Lasins  niger  workers.  The  instances  adduced 
show  clearly  that  the  phenomena  of  parthenogenesis  have 
no  necessary  connection  with  polymorphism  and  that 
whatever  may  be  the  ultimate  solution  of  the  problem 
in  common  races  of  the  honey-bee,  whether  unfecundated 
queens  and  workers  produce  males  only  or  occasionally 
also  workers,  or  whether  fertilized  eggs  may  sometimes 
produce  males,  can  contribute  nothing  of  theoretical 
importance  to  the  problem  of  sex  determination  that  has 
not  been  contributed  already  by  other  Hymenoptera  in 
which  all  the  possibilities  mentioned  are  realized  under 
more  favourable  conditions  of  experimental  control. 

We  can  hardly  speak  of  polymorphism  in  the  social 
Aculeates  till  a  worker  caste  makes  its  appearance  as  a 
distinct  morphological  expression  of  the  behaviouristic 
and  physiological  division  of  labour  among  the  originally 
monomorphic  female  members  of  the  colony.  Among  the 
bees  we  noticed  the  presence  of  such  a  caste  in  the 
Bombinae,  Meliponinæ,  Apinæ  and  Halictinæ.  In  the 
social  Halicti  it  is  represented  by  the  sterile  summer 
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generation  of  females,  which  are  sometimes  sufficiently 
different  from  their  mother  to  have  been  described  as 
distinct  species  (Stockhert,  1923).  The  social  species  of 
AUodape  are  still  in  too  primitive  a  stage  to  have  developed 
a  morphologically  recognizable  worker  caste,  although  it 
may  be  said  to  be  represented  in  an  early,  purely 
behaviouristic,  phase  by  the  daughters  that  associate 
themselves  with  their  nest-founding  mother.  The 
Vespidas  exhibit  a  very  gradual  evolution  of  the  worker 
in  the  five  social  subfamilies.  In  the  Stenogastrinae  and 
some  Polybiinae  no  worker  has  been  detected  ;  in  other 
Polybiinæ  dissection  alone  reveals  whether  a  female  is 
functioning  as  a  worker,  i.e.,  behaving  as  a  sterile 
individual,  or  nurse.  In  the  Ropalidiinae  and  Polistinæ 
the  workers  differ  little  externally  from  the  queens  but 
in  the  Vespinæ  the  difference  becomes  well  established  in 
both  stature  and  colouration.  In  ants  and  termites  the 
worker  caste  is  wingless,  usually  sharply  differentiated 
and  frequently  secondarily  dimorphic  or  pleomorphic  as 
the  result  of  a  more  intensive  physiological  division  of 
labour.  In  these  insects  also  the  worker  and  soldier 
castes  evidently  first  appeared  as  merely  functional,  i.e., 
physiological  and  behaviouristic  castes  before  they 
assumed  the  morphological  characters  which  now  enable 
us  to  recognize  them  so  readily.'  If  my  contention, 
reiterated  in  the  preceding  lectures,  is  correct,  that  the 
ants,  termites  and  various  groups  of  social  bees  and 
wasps  represent  phylogenetically  independent  societal 
developments,  we  must  also  assume  that  the  worker 
castes  which  appear  in  no  less  than  ten  of  them,  are 
likewise  independent  and  have  derived  their  similar  and 
convergent  peculiarities  from  the  similar  trophic  and  other 

'  As  a  physiological  caste  among  ants  the  plerergates,  or  “  honey- 
pots  ”  of  various  species  of  Myrmecocystus  (Fig.  6o),  Prenolepis, 
Plagiolepis,  Camponotus,  Melophorus,  Pheidole,  etc.,  in  arid  regions 
may  be  cited.  These  are  workers  or  soldiers  which  are  at  first  indis¬ 
tinguishable  from  other  members  of  their  respective  castes  but  event¬ 
ually  become  sluggish  and  acquire  a  great  distention  of  the  crop  and 
abdomen  as  the  result  of  storing  liquid  food.  The  gynæcoid  workers, 
which  develop  their  ovaries  and  assume  the  rôle  of  queens  in  queenless 
colonies,  may  also  be  regarded  as  constituting  a  physiological,  emergency 
caste. 
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societal  conditions  to  which  they  have  been  constantly 
subjected  during  their  ontogenetic  and  racial  history. 

On  closer  examination  the  ten  independent  societies 
may  be  divided  into  four  groups,  according  to  the 
idiosyncracies  of  their  worker  castes  :  first,  the  Halicti, 
bumblebees  and  four  subfamilies  of  wasps,  second,  the 
Meliponine  and  Apine  bees,  third,  the  termites  and  fourth, 
the  ants.  In  the  Vespidæ,  Bombinæ  and  Halictinæ  the 
worker  form  has  developed  concomitantly  with  an 
increase  in  its  sterility  while  the  queen  retains  unimpaired 
the  morphological  and  physiological  status  of  the 
primitive  solitary  Vespid  or  Apid  female.  Here  the 
conditions  appear  to  be  quite  perspicuous,  and  Marchal’s 
(i8g6,  1897)  “  nutricial  castration  ”  (from  nutrix,  a  nurse) 
would  go  far  towards  accounting  for  the  phenomena.  It 
will  be  recalled  that  he  gave  this  name  to  functional 
atrophy  or  arrest  of  development  of  the  ovaries  brought 
about  by  the  nursing,  or  nutricial  proclivities  of  the 
worker.  He  showed  that  by  eliminating  the  queen  from 
the  Vespa  colony  as  many  as  a  third  of  the  workers  may 
become  fertile.  A  similar  result  is  produced  by  a 
suppression  or  merely  by  a  temporary  suspension  of  the 
oviposition  of  the  queen.  This  can  be  due,  as  Marchai 
maintains,  only  to  an  abolition  of  the  nursing  function 
and  the  appropriation  by  the  workers  of  the  food  which 
under  normal  conditions  they  would  feed  to  the  larvæ. 
Nutricial  castration,  of  course,  leads  to  “  alimentary  ” 
castration,  i.e.,  the  inhibition  of  the  development  of  the 
reproductive  organs  in  the  larvæ  from  which  the  workers 
develop.  Thus  we  have  a  circular  process  the  effects  of 
which  are  aggravated  by  the  tendency  of  the  adult  workers 
to  distribute  the  limited  amount  of  available  food  among 
many  more  larvæ  than  can  be  adequately  fed  (see 
Roubaud,  1916).  The  feeble  polymorphism  of  the  wasps 
and  in  all  probability  also  that  of  the  bumblebees,  are  due 
to  well-known  physiological  and  instinctive  processes 
peculiar  to  the  social  medium. 

While  the  worker  caste  in  wasps  and  bees  seems  to 
acquire  its  sterility  gradually  and  before  or  during  its 
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morphological  differentiation,  the  corresponding  caste  of 
termites,  or  at  any  rate  the  soldiers,  seem  to  have  developed 
morphologically  before  their  fecundity  was  impaired  or 
lost.  In  very  primitive  species  like  Archotermopsis 
(Imms,  1913)  and  evidently  to  some  extent  also  in 
Termopsis  (Heath,  1927),  the  soldier  caste  is  fertile 
(Fig.  54)  3-nd  there  are  fertile  neotenic  males  and  females 
but  no  workers.  We  may  say  that  in  Archotermopsis 
each  sex  is  trimorphic  and  represented  by  three  fertile 
forms,  completely  winged  individuals,  partially  winged 
neotenics  and  sup-apterous  or  apterous  soldiers.  With 
increasing  social  development  a  worker  caste  makes  its 
appearance  as  an  arrested  early  nymphal  stage  and  like 
the  soldier  is  normally  sterile. 

At  first  sight  the  conditions  in  the  Formicidæ  would 
seem  to  be  the  same  as  those  of  wasps,  except  for  a  more 
profound  somatic  modification  and  a  more  pronounced 
sterilization  of  the  worker  caste.  A  comparative  study 
of  primitive  ants,  however,  especially  of  the  Ponerinæ, 
Cerapachyinæ,  Dorylinæ  and  Pseudomyrminæ,  suggests 
that  this  resemblance  may  be  superficial.  The  ants,  as 
we  have  seen,  are  much  older  than  the  social  wasps  and 
seem  to  have  arisen  from  a  section  of  the  solitar}' 
Vespoidea  much  nearer  the  archaic  ancestors  of  the 
Aculeata,  the  Bethyloidea,  several  genera  of  which  still 
retain  two  forms  of  fertile  females,  winged  and  apterous. 
Here,  too,  therefore,  even  in  the  solitary  ancestry- 
polymorphism  had  preceded  sterility,  and  it  is  not 
improbable  that  the  early  Formicidæ  may  have  retained 
the  female  dimorphism  after  they  became  social  and  have 
utilized  it  in  the  production  of  winged  queens  and 
wingless  workers.  The  winged  female  simply  took  on  the 
function  of  disseminating  the  species  and  starting  the 
colony,  while  her  apterous  but  still  fertile  daughters 
remained  with  her  and  s])ecialized  in  rearing  her  and  their 
own  subsequent  broods  and  in  foraging  for  food.  The 
winged  queen  acquired  the  ability  to  drop  her  wings  and 
the  voluminous  vibratory  muscles  could  then  be  broken 
down  and  used  in  nourishing  her  ovarian  eggs  and  in 
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lengthening  her  life  till  the  wingless  offspring  emerged. 
Janet  (1907)  and  C.  Pérez  (1912,  1920)  have,  in  fact, 
shown  that  deflation  is  actually  followed  by  these 
processes  in  ant  queens  after  their  nuptial  flight.  The 
next  step  was  the  reduction  of  the  apterous  fertile  females 
to  the  rank  of  workers.  This  hypothesis  might  account 
for  the  conditions  seen  in  certain  subfamilies  and  genera 
of  ants,  e.g.,  the  retention  of  the  wingless  as  the  only 
queen  in  Dorylinæ,  many  Ponerinæ  and  Cerapachyinæ, 
the  presence  of  both  winged  and  wingless  queens  in  the 
same  colony  (Ponera)  or  in  different  localities  (Harpago- 
xenus),  and  the  not  infrequent  occurrence  of  ergatomorphic 
queens  in  several  genera  (Leptogenys,  Onychomyrmex, 
Diacamma,  etc.). 

In  this  connection  I  may  mention  the  opinions  of 
Mrazek  (1916),  who  endeavours  to  show  that  poly¬ 
morphism  in  the  social  Hymenoptera  is  due  to  a  masked 
or  telescoped  alternation  of  generations  like  that  of  the 
Cynipidæ.  At  first  sight  there  would  seem  to  be  little 
to  recommend  this  hypothesis,  which  was  long  ago 
suggested  by  Steenstrup  and  von  Siebold,  but  it  is 
supported  at  least  by  Stockhert's  observations  on  the 
social  Halicti  (1923).  Obviously,  Halictus  malachurus 
and  the  allied  species  may  be  most  readily  derived  from 
species,  of  which  there  are  several  in  the  genus,  with  two 
annual  generations  through  the  survival  and  increasing 
longevity  of  the  hibernating  autumn  females  and  the 
progressive  sterilization  of  the  summer  generation  till  it 
was  reduced  to  the  status  of  a  worker  caste.  The  ant- 
colony,  too,  if  we  accept  the  interpretation  which  I  have 
given  above,  might  be  conceived  to  have  arisen  by  a 
telescoping  of  two  generations,  originally  with  fertile 
winged  and  wingless  queens,  respectively.  But  the  social 
wasps,  e.g.,  the  Polybiinæ,  seem  to  me  to  present  an 
insuperable  obstacle  to  Mrazek's  hypothesis,  because  they 
are  so  closely  related  to  and  so  naturally  derived  from  the 
solitary  Eumeninæ,  in  wliich  there  is  no  hint  of  the 
occurrence  of  an  alternation  of  generations.  Nor  do 
Mrâzek’s  attempts  to  find  indications  of  such  a  condition 


THE  SOCIAL  INSECTS 


170 

in  the  honeybee  seem  to  me  to  be  either  clear  or  felicitous, 
but  the  honeybee  seems  destined  to  drive  biologists  to 
distraction.  There  is  nothing,  so  far  as  I  can  see,  in  the 
constitution  of  termite  societies  to  suggest  an  alternation 
of  generations. 

Instead  of  resorting  to  a  contracted  or  telescoped 
heterogony  I  should  prefer  to  regard  polymorphism,  at 
least  in  the  ants  and  termites,  as  phylogenetically  prior 
to  the  conditions  in  which  one  or  more  of  the  forms 
became  sterile.  This  view  implies  that  the  phenomenon 
is  essentially  the  same  as  the  poecilogyny  and  pœcilandry 
of  many  non-social  insects.  Although  many  of  the  latter 
cases  were  succinctly  reviewed  by  de  Peyerimhoff  as  long 
ago  as  1897,  it  may  be  of  interest  to  glance  at  some  of  the 
cases  that  have  been  described  within  recent  years.  The 
most  familiar  are  the  male  Lucanid  beetles  which  are 
often  singularly  like  the  pleomorphic  workers  and  soldiers 
of  certain  ants  and  termites  in  the  structure  of  the  head 
and  mandibles.  Among  the  army  ants  of  the  genus 
Eciton  s.  sir.,  e.g.,  we  might  recognize  extreme  telodont 
and  priodont  forms  with  intermediates  as  in  many 
Odontolabine  Lucanidæ,  as  described  by  Griffini  (1905), 
Champy  (1924)  and  others.  This  resemblance  which  has 
not  escaped  Viehmeyer  (1923),  might  be  traced  in  detail, 
did  my  time  permit.^  A  case  which  recalls  the  variation 
in  the  eyes  in  pleomorphic  series  of  worker  ants  or  among 
the  castes  of  termites  is  that  of  the  small  Pselaphid  beetles 
of  the  genus  Bythynus.  In  B.  algériens,  according  to  de 
Peyerinhoff  (1910),  the  female  has  minute  eyes,  whereas 
the  males  are  dimorphic,  one  of  the  forms  having  rather 
small,  the  other  large  eyes.  Polymorphism  of  the  wings, 
resembling  that  of  the  neotenics  among  termites,  is 
common  among  Hemiptera  of  both  sexes  and  has  been 
carefuUy  studied  in  a  number  of  aquatic  species  by 
Poisson  (1924).  Another  example,  in  certain  respects 
more  like  that  of  ants  than  any  of  the  preceding,  though  it 
also  occurs  only  in  the  male,  is  furnished  by  the  peculiar 
fig-insects  (Chalcididas)  of  the  genus  Philotrypesis,  as 
described  by  Grandi  (1921,  1923,  1925).  The  heads  of  the 

*  .\ftei  measuring  series  of  soldiers  and  workers  of  Anonima  nigricans 
and  Camponotus  gigas,  Julian  lluxle\'  (1927)  concludes  that  this  resem¬ 
blance  to  the  pœcilandry  of  l.ucanids  and  other  animals  (chelæ  of  crabs 
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various  males  of  Ph.  erythrœa  and  nnispinosa  var.  ornata, 
as  figured,  might  readily  be  mistaken  for  a  series  of  heads 
of  pleomorphic  Camponotus  workers.  Grandi  adopts 
Berlese’s  tenns  for  the  extreme  and  intermediate  forms, 
the  “  epimegetic  ”  males  being  the  largest,  the 
“  eumegetic  ”  the  transitional  and  the  “  hypomegetic  ” 
the  smallest  in  the  series.  But  the  pœcilandr}^  of 
Philotrypesis  may  become  even  more  complicated  than 
the  pœcilogyny  of  ants,  e.g.,  in  Ph.  minuta,  the  males  of 
which  form  two  series,  an  “  acanthocephalous  ”  and  a 
“  mutic,”  “  each  of  which  comprises  eumegetic  and 
hypomegetic  and  furthermore  eumegetic  macrognath 
(heterodont)  and  eumegetic  brachygnath  (heterodont) 
forms.”  The  resemblance  of  the  species  of  Philotrypesis 
to  ants  is  enhanced,  moreover,  by  their  extreme  subaptery . 

That  polymorphism  is  due  to  other  causes  than  those 
determining  sexual  dimorphism  is,  I  believe,  clearly 
indicated  by  the  foregoing  examples  and  the  occurrence, 
already  mentioned,  of  an  identical  polymorphism  of  both 
sexes  in  termites.  This  conclusion  becomes  a  certainty 
when  we  consider  the  cases  of  polymorphism  (”  pœcil- 
ogony  ”)  in  the  larvae  of  certain  insects  which  as  adults 
are  homomorphic.  Twenty-two  years  ago  Giard  (1905) 
reviewed  all  the  knowm  cases  in  a  comprehensive  paper. 
I  shall  therefore  cite  only  two,  one  that  has  been  more 
recently  discovered  and  one  that  has  been  more  carefully 
investigated.  Silvestri  (1906)  found  that  there  are  two 
very  different  types  of  larvae  in  the  polyembryonie 
Chalcidid  Litomastix  truncatellus,  one  possessing  repro¬ 
ductive  organs  and  developing  into  the  adult  insect,  the 
other  (‘‘  asexual  larva  ”)  without  reproductive  organs  and 
dying  without  further  development.  The  same  types  of 
larvæ  were  later  found  by  Patterson  (1918,  1921)  in 
another  polyembryonie  Chalcidid,  Paracopidosmwpsis 
floridana.  Among  the  cases  of  pœcilogony,  Giard  briefly 
referred  to  the  paedogenetic  Cecidomyids  and  Chironomids 
as  ”  determined  in  part  by  the  primary  factors  of 
temperature  and  food.”  The  more  recent  studies  of 
Springer  (1915)  and  Harris  (1923, 1924)  have  demonstrated 

antlers  of  stags,  horns  of  Titanotheres,  etc.)  tan  be  expressed  as  a 
math<  ma‘ ic  h1  eijuation,  namely  y  '  bx'‘,  in  which  y  the  ort,an 

measured,  x  =  the  rest  of  the  body  and  b  and  k  are  constants. 
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that  the  larvae  of  the  Cecidomyids  of  the  genera  Miastor 
and  Oligarces  are  distinctly  trimorphic.  Springer  calls 
them  “  typical  paedogenetic,”  “  vagrant  ”  and  “  pupa 
larvae  ”  respectively,  and  believes  that  their  peculiarities 
may  be  due  to  differences  in  the  external  conditions. 
Harris  designates  the  same  three  types  as  “  typical  white 
pædogenetic,”  “  yellow  paedogenetic  ”  and  “  pupa 
larvae."  The  last  develop  into  adult  flies  without 
pædogenetic  reproduction.  He  beheves  that  the  various 
larval  types  and  their  sex  are  determined  by  genetic  and 
not  by  environmental  factors.  In  regard  to  the  sexes  he 
says  :  "  Males  as  well  as  females  arise  from  mass  cultures 
of  larvæ  that  have  been  produced  by  pædogenesis  in 
Oligarces  sp.  But  males  and  females  are  not  produced 
by  the  same  individual  under  normal  conditions.  In  the 
descendants  of  members  of  a  colony  taken  from  nature 
there  were  found  to  be  two  types  of  pædogenetic  larvæ  in 
respect  to  the  sex  and  pupæ  and  adults  which  they 
produced,  (i)  male  producing  and  (2)  female  producing. 
These  two  types  of  pædogenetic  larvæ  are  not  morpho¬ 
logically  distinguishable."  This  would  seem  to  mean 
that  there  are  really  six  kinds  of  larvæ,  three  for  each  sex. 

Polymorphism  has  acquired  such  a  degree  of  complexity 
in  the  ants  (Fig.  38  and  39),  and  especially  in  the  termites 
that  it  will  now  be  advisable  to  concentrate  our  attention 
on  these  groups.  The  male  a.nt  is  an  extraordinarily 
conservative  and  stable  organism,  although  it  is  known 
to  be  dimorphic,  i.e.,  to  have  a  winged  and  an  apterous 
phase  in  a  few  species  (e.g.,  Ponera  eduardi)  and 
exclusively  apterous  forms  in  a  few  genera  (Anergates, 
Formicoxenus,  Symmyrmica,  Cardiocondyla).  So  far  as 
size,  or  stature  is  concerned,  it  may  be  used  in  each 
species,  as  Emery  has  shown,  as  a  rough  primitive  standard 
with  which  to  compare  the  much  more  variable  queen 
and  worker.  The  extraordinary  range  of  variation  in  the 
female  sex  of  the  Formicidæ  is  indicated  by  the  fact  that 
no  less  than  twenty-one  different  forms  have  been 
recognized.  Of  these  eight  are  clearly  pathological  and 
produced  either  by  the  presence  of  parasites  in  the 
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colonies  or  abnormalities  of  cmbryogeny  or  larval  growth 
(chromosomal  (?)  or  nutritional),  four  are  merely  excess 
or  defect  developments  in  stature  (nanism  and  giantism) 
and  the  remaining  nine  are  either  normal  forms  of  very 
general  occurrence  or  specialized  forms  peculiar  to  certain 
genera.  If  we  classify  the  twenty-one  forms  as  typical, 
atypical  and  pathological  we  find  that  there  are  really 
only  three  t3'pical  forms  or  phases  of  the  female,  the 
queen,  soldier  and  worker,  and  that  each  of  them  may  be 
regarded  as  the  centre  of  development  of  a  number  of 
atj’pical  and  pathological  t^'pes,  some  of  which  are 
considered  in  the  next  lecture. 

A  comparative  study  of  hundreds  of  species  and  all  the 
known  genera  enables  us  to  draw  up  the  following  list  of 
hypothetical  evolutionary^  stages  in  the  pcecilogyny  of  the 
Formicidæ  : — ' 

(1)  The  male,  queen  and  worker  are  of  the  same  or 
very^  nearly  the  same  size,  and  the  worker  differs  from  the 
queen  only  in  the  absence  of  the  wings,  somewhat  smaller 
eyes  and  ocelli,  simpler  thorax  and  more  or  less  abortive 
reproductive  organs.  From  this  stage,  which  is 
represented  by  the  most  primitive  subfamilies  of  ants, 
the  Ponerinæ,  Cerapachyinæ  and  PseudomyTminæ,  all 
the  following  stages  may  be  derived. 

(2)  The  queen  has  disappeared  and  the  worker  is  fertile 
and  capable  of  mating  with  the  male.  This  stage  occurs 
in  a  number  of  Ponerinæ  genera  (Diacamma,  Rhytido- 
ponera,  etc.)  and  probably  in  Leptomyrmex  among  the 
Dolichoderinæ  and  Ocymyrmex  among  the  Myrmicinæ. 

(3)  The  queen  increases  in  stature,  while  the  worker 
retains  more  nearly  the  stature  of  the  male.  (Lasius, 
Brachymyrmex,  Crematogaster,  Iridomyrmex,  etc.) 

(4)  The  queen  and  worker  are  sharply  differentiated, 
the  former  increases  in  size  and  the  latter,  becoming  very 
unstable  or  variable,  is  represented  by  a  series  grading 
from  large  macrocephalic  to  small,  microcéphalie 
individuals  (Figs.  38  and  39.)  In  taxonomic  works  the 

The  stages  and  their  arrangement  differ  somewhat  from  those 
published  by  Emery  in  1894  and  by  myself  in  1907. 
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members  of  this  series  are  described  as  “  workers  major  ” 
and  “  minor,”  or  ”  maxima,”  ”  media,”  and  ”  minima  ” 
(Camponotus,  Atta,  Pheidologeton,  Dorylinæ,  etc.). 

(5)  Of  the  series  in  stage  (4)  the  maxima  and  media 
workers  alone  survive  and  the  former  is  converted  into  a 
soldier  (Machceromyrma  bombycina). 

(6)  The  mediae,  or  desmergates  connecting  the  maximae 
and  minimæ  of  stage  (4)  are  no  longer  developed,  so  that 
only  the  extremes  persist.  The  maxima  is  then  known  as 
a  soldier  (miles,  dinergate),  the  minima  as  the  worker 
(proper).  The  female  is  therefore  now  distinctly  tri- 
morphic  (Pheidole,  Ceratopheidole,  Acanthomyrmex, 
Ischnomyrmex,  Oligomyrmex,  etc.) 

(7)  The  queen  disappears  and  the  soldier,  becoming 
fertile,  assumes  her  rôle,  while  the  minima  alone  repre¬ 
sents  the  worker  caste.  This  stage  is  problematical  but 
seems  to  exist  in  some  species  of  Pheidole  and  Oligomyrmex 
{Ph.  lamia  and  0.  panamensis). 

(8)  Only  the  queen  and  the  soldier  forms  persist,  the 
workers  being  suppressed.  This  seems  to  be  the  condition 
in  the  pecuhar  slave-making  ants  of  the  genera  Polyergus 
and  Strongylognathus. 

(9)  All  the  worker  forms  in  the  series  of  stage  (4)  except 
the  minima,  disappear  so  that  we  have  enormous  queens 
and  very  minute  workers  of  a  single  type  (Carebara 
(Fig.  72),  Pædalgus,  many  Solenopsis,  etc.). 

(10)  The  entire  worker  caste  is  lost,  so  that  the  species 
returns  to  a  simple  sexual  dimorphism,  i.e.,  is  represented 
by  single  male  and  female  forms  as  in  most  insects  and 
other  Metazoa.  The  female  of  this  stage,  which  occurs 
only  in  certain  permanently  parasitic  ants  (Anergates 
(Fig.  78),  Wheeleriella  (Fig.  77),  Epœcus,  Pseudoatta,  etc.) 
is  scarcely  larger  than  the  male. 

We  must  not  interpret  these  stages  as  succeeding  one 
another  in  a  definite  linear  series  but  as  radiating  from  the 
first  stage  which  is  basic.  Stages  (2)  to  (10)  have  evidently 
arisen  independently  and  repeatedly  in  unrelated  genera. 
It  can  be  shown,  furthermore,  that  most  of  the  stages  are 
responses  to  peculiar  environmental  and  ethological 
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requirements,  in  last  analysis  mainly  of  a  trophic  nature. 
This  is  perhaps  most  obvious  in  stages  (9)  and  (10),  of 
which  we  may  take  Carebara  and  Anergates  as  examples. 
The  species  of  Carebara  (Fig.  72)  are  “  thief-ants  ”  which 
live  in  the  walls  of  the  termitaria  of  African  and  South 
American  Termitidæ.  The  nest  is  connected  with  the 
chambers  of  the  termites  by  very  tenuous  galleries,  too 
small  to  permit  the  termites  to  pass  but  permitting  the 
diminutive  Carebara  workers  to  enter  and  devour  the 
termite  brood.  So  abundant  is  the  food  supply  that  these 
workers  are  able  to  rear  gigantic  queens,  but  are  them¬ 
selves,  on  account  of  their  cleptobiotic  propensities, 
condemned  to  perpetual  dwarfhood.  In  the  monotypic 
Anergates  atratulns  (Fig.  78),  which  is  a  permanent  parasite 
in  the  colonies  of  the  common  European  Tetramorium 
cœspitnm,  there  is  no  need  of  a  worker  caste,  because  the 
broods  of  both  species  are  brought  up  by  the  host  workers. 
The  Anergates  workers  have  therefore  long  since  dis¬ 
appeared  and  the  queens  have  been  reduced  in  size. 
Owing  to  this  secondary  return  to  the  sexual  dimorphism 
of  the  solitary  Aculeates,  the  number  of  females  that  can 
be  reared  is  greatly  increased,  an  obvious  advantage  in  a 
parasite,  and  their  decreased  stature  enables  them  to  be 
more  readily  adopted  by  the  Tetramorium  colonies. 
The  latter  actually  seem  to  prefer  the  minute  parasites  to 
their  own  huge  queens,  just  as  some  ladies,  for  aesthetic 
or  economic  reasons,  prefer  the  tiny  Pekinese  dogs  to  huge 
mastiffs  as  pets.  These  few  facts  and  many  others  that 
might  be  adduced,  show  that  the  number  and  character 
of  the  female  castes  can  be  regulated  by  the  ant  colony, 
just  as  the  number  and  character  of  its  cells  are  regulated 
in  the  body  of  a  Metazoan.  This  regulation,  which  is  seen 
both  in  the  development  and  abolition  of  castes,  has  an 
ontogenetic  as  well  as  a  phylogenetic  aspect  and  is  in  some 
respects  a  very  plastic,  in  others  a  rather  rigidly  deter¬ 
minate  process,  depending  apparently  on  the  phylogenetic 
age  of  the  castes  in  the  particular  species  under 
observation. 

That  the  various  female  castes  are  adaptive  can 
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scarcely  be  doubted  since  they  have  arisen  in  the  colony 
as  an  expression  of  a  physiological  and  behaviouristic 
division  of  labour.  Considerable  confusion  seems  to  have 
been  introduced  by  the  recent  work  on  the  morphology 
of  the  brain  of  the  ants  and  other  social  Aculeates  and  a 
failure  to  take  the  facts  of  behaviour  adequately  into 
consideration.  It  would  seem  that  the  fertile  female, 
or  queen  of  the  non-parasitic  social  Aculeate  is  to  be 
selected  as  a  fundamental  type  of  which  the  various  worker 
and  soldier  forms  are  to  be  regarded  as  partial  or  more  or 
less  modified  expressions  or  differentiations.  The 
instincts  of  the  queen  embrace,  so  to  speak,  all  the 
essential  instincts  of  the  sterile  or  substerile  castes.  This 
has  never  been  disputed  in  Vespa  and  Bombus,  and  there 
is  no  doubt  that  the  queens  of  these  insects  have  a  larger 
and  more  perfectly  organized  brain  than  the  cospecific 
workers  (von  Alten,  1910).  The  contention  of  most 
authors  that  the  differentiation  of  the  corpora  pen- 
dunculata  of  Dujardin,  or  “  mushroom  bodies,”  as  they 
are  often  called,  which  are  situated  in  the  anterior  portion 
of  the  protocerebrum,  is  directly  proportional  to  the 
behaviouristic  capacities  of  the  insect,  holds  good  of  the 
queen,  worker  and  male  brains  of  Vespa.  In  the  honey¬ 
bee,  however,  as  Jonescu  (1909)  has  shown,  the  brain  of 
the  queen  is  inferior  to  that  of  the  worker,  but  in  that 
insect  the  queen  is  really  a  parasite  on  her  own  colony  and, 
unlike  Vespa,  quite  unable  to  bring  up  her  offspring 
without  worker  aid.  In  the  ants  most  queens  exhibit 
a  behaviour  and  brain  capacity  like  that  of  Vespa,  but 
some  queens,  mostly  parasites  in  the  colonies  of  other 
species,  are  deficient  in  behaviouristic  endowment  and 
possess  smaller  and  less  highty  differentiated  brains  than 
the  workers  of  their  own  species.  The  latter  type, 
according  to  my  observations,  is  exceptional,  the  former 
the  more  prevalent,  and  this  is  the  basis  of  Miss  Thompson’s 
and  my  disagreement  with  Forel  (1874),  Pietschker  (1910), 
Ziegler  (1912,  1920)  and  Brun  (1923a).  Forel  first 
advanced  the  generalization  (1874)  that  the  brain  of  the 
worker  ant  is  superior  to  that  of  the  queen  in  his  studies 
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on  Lasius  fuliginosus,  now  known  to  be  a  temporary 
social  hyperparasite  of  L.  urnbratus,  which  in  turn  is  a 
parasite  of  L.  niger.  And  although  I  called  attention  to 
this  fact,  Brun  has  recently  reached  the  same  conclusion 
as  Ford,  mainly  from  a  study  of  L.  umbratus!  Miss 
Thompson’s  researches  on  three  species  and  genera  of 
non-parasitic  ants,  Camponotus  pennsylvanicus,  Formica 
schanfussi  and  Lasius  aniericanus,  support  the  opinions 
which  I  advanced  in  igio,  although  she  finds  that  the 
brain  of  the  F.  schaufussi  queen  is  degenerate  compared 
with  that  of  the  worker.  She  summarizes  her  results  as 
follows  : — “  The  queen  brain  seems  to  me  to  represent 
the  generalized  type  from  which  the  worker  caste  has 
departed,  and,  while  some  queens  are  notably  degenerate 
in  brain  structure,  others  have  remained  in  a  far  more 
generalized  condition,  for  example,  the  queen  of  Lasius 
niger.  If  we  select  as  a  standard  the  degree  of  develop¬ 
ment  (i)  the  optic  apparatus,  including  the  eyes  and  optic 
lobes,  (2)  the  mushroom  bodies  ;  and  compare  the  castes 
of  the  three  genera  under  consideration  with  the  queen  of 
Lasius  niger,  we  shall  obtain  evidence  of  divergence  from 
this  type  in  the  two  opposite  directions  of  increase,  and 
of  reduction  of  parts,  or  degeneration.  From  this 
comparative  study  two  facts  are  worthy  of  note  :  (i)  the 
Lasius  queen  has  a  more  highly  developed,  generalized 
type  of  brain  than  either  of  the  queens  of  Camponotus  or 
Formica.  (2)  the  queen  brain  in  its  most  highly  developed 
typical  condition,  as  in  Lasius  niger,  is  superior  to  and 
more  highly  developed  than  that  of  the  worker.  There¬ 
fore,  the  conclusion  is  justified  that  the  queen  brain  is  the 
primitive  type  from  which  by  degeneration  and  specializa¬ 
tion  of  structure  the  worker  brain  has  been  derived.” 

The  discrepancy  between  the  results  of  Miss  Thompson 
and  myself  on  the  one  hand  and  those  of  Ford,  Pietschker, 
Ziegler  and  Brun  on  the  other  are  difficult  to  explain. 
Two  of  the  species  investigated  by  Pietschker  and  Miss 
Thompson  are  really  identical  {Camponotus  pennsylvanicus 
and  ligniperda  being  subspecies  of  C.  herculeanus  and 
Lasius  aniericanus  a  variety  of  L.  niger),  and  all  of  us  used 
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material  in  the  same  stages,  i.e.,  late  pupae  before  pig¬ 
mentation.  I  mention  this  matter  because  Holmgren 
(1909)  has  shown  that  the  brain  of  the  old  physogastric 
queen  of  Eutermes  chaquimayensis  shrinks  to  two-thirds 
of  its  size  in  the  virgin  queen,  showing  that  profound 
involutionary  changes  occur  during  the  imaginai  instar. 
Not  improbably  similar  changes  may  occur  in  the  brains 
of  dealated  queen  ants  at  the  time  of  the  dissolution  of 
their  thoracic  musculature.  Hence  the  comparison  of  the 
brains  of  such  old  queens  with  those  of  their  workers 
might  seem  to  support  the  views  of  Forel,  Pietschker  and 
Brun.  It  may  also  be  advisable  in  future  work  on  the 
ant  brain  to  pay  more  attention  to  the  behaviour  of  the 
queens.  It  is  singular  that  although  F.  schaufussi  is  one 
of  the  most  abundant  of  our  North  American  ants,  I  have 
never  found  its  queen  in  the  act  of  founding  a  colony 
independently.  If,  as  seems  possible,  the  young  queens 
estabhsh  their  colonies  by  emigration  with  companies  of 
workers,  we  should  have  a  condition  like  that  of  the  honey¬ 
bee  (or  rather  hke  that  of  the  Meliponinae)  and  we  should 
be  able  to  account  for  the  smaller  and  more  degenerate 
brain  in  the  queen.' 


*  I  have  been  criticized  by  Forel  (1921-23)  and  Brun  (1923a)  for 
my  skepticism  in  regard  to  the  close  relationship  between  the  psychic 
behaviour  and  development  of  the  pedunculate  bodies  in  ants  (1910a). 
More  than  twenty-five  years  ago,  one  of  my  students,  the  late  Dr. 
C.  H.  Turner  undertook  a  comparative  study  of  the  corpora  pedun- 
culata  in  the  Annelids  and  the  lower  Arthropods  and  in  1899  published 
a  preliminary  but  no  final  paper  on  the  subject.  Since  this  paper  seems 
never  to  have  been  consulted  by  investigators  of  the  insect  brain,  it 
is  only  fair  to  glance  at  its  contents.  Before  its  publication,  Hamaker 
(1898)  had  shown  that  there  are  corpora  pedunculata  in  the  brain  of 
the  Polychaete  Annelid  Nereis  virens  and  Dietl  (1876),  Berger  (1878) 
and  Viallanes  had  noticed  their  occurrence  in  Decapod  Crustacea. 
Turner  also  found  them  in  Annelids  (Nereis,  Polynoë,  Lepidonotus) 
and  Decapods  (Cambarus).  His  figures  show  that  they  are  much  more 
highly  developed  in  Polynoë  and  Lepidonotus  than  in  Nereis  or  in 
many  of  the  lower  insects,  e.g.,  Tomocerus  and  Lepisma,  according  to 
Kuehnle  (1913),  Boettger  (1910)  and  Bretschneider  (1915).  But  the 
most  astonishing  condition  is  seen  in  Limulus,  in  which,  as  Patten  (1894) 
and  Turner  have  shown,  the  corpora  pedunculata  are  so  large  and 
complicated  that  they  resemble  the  cerebral  hemispheres  of  a  higher 
vertebrate  !  They  have,  in  fact,  advanced  much  further  in  relative 
volume  and  morphological  differentiation  beyond  the  ant  corpora 
pedunculata  than  have  the  latter  beyond  those  of  the  lower  Ortho- 
pteroids.  I  ask  again,  therefore  :  what  is  such  a  stupid  and  archaic 


POLYMORPHISM 


179 


The  polymorphism  of  the  termites,  to  which  we  may 
now  turn,  is  more  comphcated  than  that  of  the  ants,  both 
because  it  affects  the  two  sexes  equally  and  because  it  is 
more  elaborate  in  each  of  them.  We  may  distinguish  the 
following  eight  castes,  with  sixteen  different  kinds  of 
individuals  : — 

(1)  First  form  males  and  females  (true  kings  and 
queens) 

(2)  Second  form  males  and  females  (neotenic  kings 

and  queens) 

(3)  Third  form  males  and  females  (ergatoid  kings 

and  queens) 

(4)  Large  male  and  female  workers 

(5)  Small  male  and  female  workers 

(6)  Large  male  and  female  soldiers 

(7)  Medium  male  and  female  soldiers 

(8)  Small  male  and  female  soldiers 

Probably  no  single  colony  of  termites  ever  produces  all  of 
these  castes  but  five  or  even  six  of  them  are  frequently 
encountered.  Moreover,  the  soldiers  may  be  of  two  very 
different  types,  most  species  having  large-headed 
“  mandibulate  ”  forms  (Figs.  38  and  54),  while  some  of 
the  genera  of  Termitidæ  have  a  very  different  kind,  the 
“  nasuti”  (Figs.  52  and  53),  with  small  head  and  mouth- 
parts  and  a  long  snout,  with  the  frontal  gland  opening  at 
its  tip.  The  matter  is  complicated  by  the  fact  that  the 
workers,  soldiers,  and  neotenic  individuals,  especially  in 
the  lower  termites,  may  be  differentiated  at  different 
instars,  so  that  they  vary  in  the  number  of  antennal 
joints  and  in  other  minor  characters.  It  has  been  usually 


creature  as  Limulus  doing  with  the  most  highly  developed  corpora 
pedunculata  in  the  whole  Arthropod  phylum  ?  Forel  says  he  knows 
nothing  about  Limulus  and  seems  to  imply  that  he  cares  less,  so  con¬ 
vinced  is  he  of  the  precise  function  of  the  structures  in  question, 
but  if  they  are  really  an  infallible  index  to  the  "  plastic-psychical  and 
individual  mnemic  capacities  of  insects  ”,  as  Erun  contends,  we  must 
assume  either  that  Limulus,  somewhere  in  the  depths  of  the  sea  and 
quite  unknown  to  us,  exhibits  an  astonishing  wealth  of  “  plastic 
mentality  ”,  or  that  its  extraordinary  corpora  pedunculata  are  a 
wonderful  depository  of  ”  mnemic  engrams  ”,  perhaps  painfully 
acquired  by  the  enterprising  Palæozoic  Protolimulus  and  transmitted 
as  useless  heirlooms  to  its  modern  moronic  descendants  ! 
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supposed  that  as  we  advance  from  the  lower  to  the  higher 
termites  polymorphism  tends  to  increase,  but  Holmgren 
believes  that  the  reverse  development  really  occurs.  He 
gives  the  following  series  of  the  more  common  stages, 
which  afford  an  interesting  comparison  with  those  above 
enumerated  for  the  ants  : — 

(1)  Soldiers  (mandibulate)  highly  polymorphic,  of  a 
single  type  ;  neotenics  and  ergatoids  frequent  ;  definitive 
workers  lacking  (Calotermes,  Termopsis). 

(2)  Soldiers  (mandibulate)  polymorphic,  of  a  single 
type  ;  neotenics  and  ergatoids  frequent  ;  definitive 
workers  present,  of  a  single  form  (Leucotermes) 

(3)  Soldiers  polymorphic,  of  two  types  (mandibulate 
and  furcate  nasuti)  ;  definitive  workers  probably  present, 
of  a  single  form  (Rhinotermes). 

(4)  Soldiers  (mandibulate)  dimorphic,  of  two  types, 
large  and  small  ;  neotenics  and  ergatoids  unknown  ; 
definitive  workers  dimorphic,  of  two  sizes  (Acanthotermes, 
Termes). 

(5)  Soldiers  (mandibulate)  monomorphic,  of  one,  larger 
type  ;  neotenics  and  ergatoids  unknown  ;  definitive 
workers  dimorphic,  of  two  sizes  (Syntermes,  Odonto¬ 
termes). 

(6)  Soldiers  (mandibulate)  monomorphic,  of  one, 
smaller  type  ;  neotenics  and  ergatoids  unknown  ; 
definitive  workers  dimorphic,  of  two  sizes  (Odontotermes). 

(7)  Soldiers  (mandibulate)  and  \vorkers  monomorphic  ; 
neotenics  and  ergatoids  of  occasional  occurrence  (the 
great  majority  of  higher  termites) 

(8)  Soldiers  lacking  secondarily  ;  workers  mono¬ 
morphic  (Anoplotermes) 

(9)  Soldiers  (nasuti)  secondarily  dimorphic,  of  a  single 
type  ;  workers  monomorphic  ;  neotenics  and  ergatoids 
unknown.  {Eutermes  bivalens,  aquilimis,  group  of  E. 
trinervius) . 

(10)  Soldiers  (nasuti)  secondarily  trimorphic  ;  workers 
monomorphic  [E.  div  er  si  miles ,  castaneiceps). 

(11)  Soldiers  (nasuti)  secondarily  dimorphic  ;  workers 
monomorphic  {E.  heteropterns,  velox  and  others). 
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{12)  Soldiers  (nasuti)  secondarily  monomorphic  ; 
workers  monomorphic  {E.  cyphergaster ,  tenuirostris, 
hospitalis,  etc.). 

To  this  list  Holmgren  adds  the  following  commentary  : 
“  Evolution  seems  here  to  proceed  from  a  very  com¬ 
prehensive  polymorphism  towards  simpler  conditions. 
The  simphfication  culminates  in  Anoplotermes,  in  which 
soldiers  no  longer  occur  and  the  workers  are  monomorphic. 
In  the  simple,  trimorphic  stage  (7),  however,  a  secondary 
caste  differentiation,  stage  (10),  supervenes,  which  is 
followed  by  another  increase  in  the  number  of  castes. 
This  more  incisive,  secondary  polymorphism  (penta- 
morphism)  is  again  in  turn  reduced  to  a  simple  tri¬ 
morphism  (stage  (12)).  The  development  from  stages  (i) 
to  (7)  proceeds  from  more  labile  (fluctuating)  to  more 
stable  conditions  of  caste,  because  the  soldier  class  in  the 
first  stages  of  this  series  may  arise  by  breeding  from  a 
greater  number  of  different  larval  forms.  The  germ 
plasm  of  groups  (i)  and  (2)  is,  so  to  speak,  in  a  “  trial  and 
error”  phase  (”  Versuchsstadium  ”).  Their  mobility  is 
due,  perhaps,  to  the  soldiers  and  ”  workers  ”  being  in 
great  part  fertile  and  this  may  have  brought  about  a 
complex  germ  plasm  mixture.  This  is  only  wild  specula¬ 
tion,  but  it  agrees  with  the  conditions  of  species  formation 
which  I  have  already  discussed.  We  learn,  however,  that 
such  lability  may  also  arise  without  fertile  soldiers  and 
workers  from  the  species  of  Eutermes  of  stages  (9)  and 
(10),  where  a  secondary  ”  lability  ”  sets  in.  When 
among  the  ants  a  polymorphic  worker  class  becomes 
dimorphic  the  condition  is  often  said  to  be  due  to  the 
dying  out  of  the  intermediate  forms.  It  does  not  seem 
to  me  to  be  necessary  to  assume  such  an  extinction,  since 
the  course  of  events  may  very  well  be  due  to  an  omission 
of  differentiation.  When,  e.g.,  in  Rhinotermes  a  sharply 
defined  soldier  dimorphism  arises,  it  is  probably  not 
produced  by  a  suppression  of  intermediate  soldier  forms 
but  to  an  independent  differentiation  of  those  already 
existing.”  The  question  here  touched  upon  by  Holmgren 
would  seem  to  be  ratlier  academic,  since  a  phylogenetic 
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loss  can  only  express  itself  in  the  ontogeny  as  a  failure  to 
develop  or  to  differentiate. 

Having  treated  of  the  Aculeate  brain  it  will  be  of 
interest  to  glance  at  that  of  the  termites,  especially  as 
some  significant  observations  on  caste  differentiation  have 
been  based  on  that  organ.  It  has  been  studied  by 
Holmgren  (1909),  Kuehnle  (1913),  Miss  Thompson  (1913, 
1916,  1917,  1919)  and  Jucci  (1923).  Miss  Thompson, 
after  a  comparative  study  of  the  various  castes  of 
ReticuUtermes  flavipes,  sums  up  her  observations  on  the 
corpora  pedunculata  as  follows:  “  The  mushroom  bodies 
differ  very  httle  in  size,  by  actual  measurement  and  in  the 
estimated  number  of  cells.  They  are  largest  in  the 
worker,  smallest  in  the  soldier  and  are  intermediate  in 
size  in  the  sexual  forms,  although  the  mushroom  bodies 
of  the  true  adult  are  nearly  as  large  as  those  of  the  worker. 
A  comparison  of  the  Reticulitermes  “  mushroom  body  ” 
with  those  of  ants  and  bees  shows,  as  one  would  naturally 
expect,  that  the  termite  mushroom  body  is  much  more 
simple  and  primitive.  This  primitive  condition  is  apparent 
in  the  small  and  uniform  size  of  aU  the  nerve  cells 
especially  in  the  ceU  group  I  ;  in  the  presence  of  three 
zones  of  cells  instead  of  the  four  found  in  ants  ;  in  the 
incomplete  differentiation  of  the  two  lobes  whose  cells  are 
not  separated  by  a  deep  furrow,  as  in  ants,  and  whose 
two  cups  or  calyces  are  completely  fused  by  intervening 
masses  of  glia  cells  ;  in  the  shallowness  of  the  cups  ; 
finally  in  the  smaller  size  of  the  entire  mushroom  bodies 
and  their  shght  differentiation  in  the  different  castes.” 
This  is  in  harmony  with  the  archaic  Orthopteroid 
affinities  of  the  termites,  although  according  to  Kuehnle, 
the  termite  brain  has  considerably  larger  corpora 
pedunculata  than  that  of  the  Dermaptera. 

In  her  later  papers  (1916,  1917,  1919)  Miss  Thompson 
describes  the  brain  and  reproductive  organs  of  the  sexual 
forms  as  being  perceptibly  larger  than  those  of  the  worker 
even  on  hatching  from  the  eggs  (Fig.  40).  Her  interesting 
results  are  summarized  in  a  paper  by  her  and  Synder 
(1919)  :  ”  Thompson  (1917)  finds  that  in  Reticulitermes 
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flavipes  the  newly  hatched  nymphs  are  externally  all 
alike,  but  are  differentiated  by  internal  structural  char¬ 
acters  into  two  clearly  defined  types,  the  reproductive 
and  the  worker  soldier  types,  which  give  rise  respectively, 
to  the  three  adult  reproductive  castes  and  two  adult 
sterile  castes.  The  two  types  of  newly  hatched  nymphs 
are  distinguishable  by  four  structural  characters  :  the 
bulk  of  the  brain,  the  relative  size  of  the  brain  and  head, 
the  compound  eyes,  and  the  sex  organs.  When  the  young 
reproductive  nymphs  have  attained  a  length  of  i. 3-1.4  mm. 
other  structural  differences  are  observable  that  further 
differentiate  them  into  two  kinds  of  individuals  which  later 
develop  into  two  of  the  three  adult  reproductive  castes  ; 
namely,  adults  of  the  first  form  with  long  wings,  and  adults 
of  the  second  form,  with  short,  scale-hke  wing  pads. 
The  ontogeny  of  the  third  reproductive  caste,  without 
wing  stubs  or  wing  pads,  is  yet  to  be  worked  out  in 
R.  flavipes.  At  a  later  period  in  the  ontogeny  (body 
length  3.75  mm.)  the  worker  soldier  nymphs  differentiate 
into  two  kinds  of  nymphs  which  develop  into  the  two 
sterile  adult  castes,  the  soldiers  and  workers.”  Miss 
Thompson  and  Snyder  (1920)  also  found  that  the  adult 
sexual  individuals  of  the  first  form  (royalty)  reaUy  have  a 
larger  brain  than  the  other  castes,  that  the  brain  of  the 
second  and  third  forms  is  larger  than  that  of  the  worker 
and  the  brain  of  the  soldier  smallest. 

Of  course,  this  discovery  of  the  intrinsic  differentiation 
of  fertile  and  sterile  castes  in  the  egg  is  of  unusual  interest. 
Bugnion  (1912,  1913,  1914)  described  and  figured  the 
soldier  of  Eutermes  lacustris  as  hatching  from  the  egg  as  a 
nasute,  although  Knower  (1894)  had  claimed  that  the 
nasute  of  E.  pilifrons  was  not  differentiated  at  the  time 
of  hatching.  On  reinvestigating  the  matter.  Miss 
Thompson  (1919)  concluded  that  Bugnion  must  have 
mistaken  the  projecting  labrum  of  the  hatching  E. 
lacustris  for  the  cephalic  horn  of  the  nasute  !  Her 
observations  on  just-hatched  nymphs  of  E.  pilifrons. 
morio  and  sanchezi  confirm  those  of  Knower,  but  in  her 
paper  of  1919  she  claimed  to  have  detected  in  thirteen 
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species  belonging  to  nine  genera  of  termites  the  same 
differentiation  which  she  had  previously  found  among 
hatching  nymphs,  into  two  forms,  corresponding  to  the 
two  series  of  adult  fertile  and  adult  sterile  castes.  More 
recently  her  results  have  been  seriously  questioned  by 
Jucci  (1923)  and  Heath  (1927).  The  former's  elaborate 
study  of  the  neotenic  sexual  forms  of  Reticulitermes 
lucifugus  led  him  to  support  Grassi’s  contention  that  the 
hatching  termites  are  all  alike  and  acquire  their  caste 
distinctions  as  the  result  of  differential  feeding.  Jucci’s 
statements  are  very  positive,  not  to  say  dogmatic,  and  the 
portion  of  his  work  published  to  date,  though  containing 
measurements  of  the  brains  of  the  adult  winged  and 
neotenic  castes  does  not  deal  with  the  soldiers  or  their 
earhest  nymphal  stages  and  is  therefore  disappointing  so 
far  as  the  problem  under  dicussion  is  concerned.  Heath, 
after  a  careful  study,  extending  over  many  years,  of  the 
Californian  Termopsis  nevadensis  and  angusticollis ,  is  also 
very  positive  that  Miss  Thompson  was  mistaken  in 
believing  that  there  are  two  structurally  recognizable 
types  among  larval  termites  at  the  time  of  hatching.  In 
fact,  “  measurements  of  scores  of  recently  hatched  young 
disclose  no  differences  other  than  those  of  ordinary 
variation,  either  in  width  of  head,  number  of  antennal 
segments,  or  size  of  brain  and  gonad.  The  first  visible 
signs  of  caste  differentiation  appear  at  a  relatively  late 
stage.”  Termopsis  possesses  no  worker  caste  and  ”  only 
soldiers  are  produced  during  the  first  three  or  four  years. 
When  a  normal  colony  comprises  approximately  twenty 
inhabitants,  the  first  adult  soldier  is  probably  in  the  fifth 
instar  ;  the  second,  somewhat  larger,  certainly  is  in  the 
sixth.  Later,  others  are  produced  in  the  seventh,  and 
after  the  reproductive  caste  becomes  differentiated,  with 
about  450  inhabitants,  they  are  in  the  eighth.  Finally, 
in  very  old  communities,  some  at  least,  are  in  the  ninth. 
The  winged  insect  invariably  is  in  the  eighth.  No  sign  of 
wings  exists  until  the  reproductive  caste  appears,  after 
which  every  member  of  the  sixth,  and  probably  the  fifth, 
instar  possesses  small,  yet  distinct  wing  rudiments.  These 
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persist  and  enlarge  in  the  later  stages  of  the  reproductive 
caste,  and,  of  smaller  size,  they  frequently  occur  in  the 
soldier  nymph,  and  to  a  less  degree  in  the  adult.  The 
third  form  adult  is  probably  a  sexually  mature  soldier 
nj-mph  ;  the  second  form  adult  seemingly  has  the  same 
origin  and,  though  possessing  wing  buds,  it  does  not 
belong  to  a  special  caste.”  Heath  has  found  four  fecund 
Termopsis  soldiers,  which  differ  from  those  of  the  typical 
form  in  the  smaller  and  shorter  head  (Fig.  54).  Of  one 
of  these  he  says  :  ”  When  this  fourth  specimen  was 

discovered  it  was  associated  with  a  very  small  substitute 
male  (as  subsequent  dissection  proved),  and  about  150 
individuals  of  the  first  four  instars  together  with  twenty- 
six  fully  developed  soldiers.  The  colony  was  located  in  a 
small  branch  that  had  fallen  from  some  tree,  and  evidently 
was  a  portion  only  of  a  larger  community.  This  colony, 
from  which  the  adult  soldiers  had  been  removed,  was 
placed  in  a  shallow  crystallizing  dish,  and,  nearly  five 
weeks  later,  the  fertile  soldier  and  substitute  male  were 
seen  to  copulate.  Eggs  appeared  two  weeks  later,  and, 
due  to  close  observation  on  the  part  of  several  of  my 
students,  the  egg-laying  activities  of  the  ‘  soldier  ’  were 
actually  witnessed — a  phenomenon  I  had  observed  some 
years  previously.  The  young  hatching  from  these  eggs 
were  carefully  examined  and,  so  far  as  could  be  deter¬ 
mined,  they  resembled  in  all  essential  respects  the  first 
instar  of  normal  parentage.” 

The  observations  of  Imms  on  Archotermopsis  and 
Heath  on  Termopsis  indicate  very  clearly  that  in  termites 
each  sex  was  originally  represented  by  two  fertile  forms,  a 
winged  smaU-headed  form  and  an  apterous  or  subapterous 
large-headed  soldier,  which  was  differentiated  from  the 
small-headed  type  and  later  became  sterile.  This  view, 
which  is  opposed  to  that  of  earlier  writers,  who  regarded 
the  soldier  as  a  specialized  worker,  is  shared  by  Emerson 
(1926),  who  states  his  opinion  as  follows  :  ‘‘I  hold  the 
opinion  that  the  soldier  caste  has  developed  pylogenetically 
from  the  first  reproductive  adult  and  not  from  the  worker 
as  suggested  by  Thompson  (1917).  The  evidence  for  my 
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opinion  is  found  in  the  following  facts  :  i.  Primitive 
soldiers  are  sometimes  fertile  or  approach  fertility  (Heath, 
1903  ;  Imms,  1919  ;  Thompson,  1922).  2.  Soldiers  are 

often  found  with  wing  buds  which  may  be  pigmented  in 
the  Kalotermitidæ.  None  with  wing  buds  have  ever  been 
found  in  the  higher  termites,  however.  If  the  soldiers 
evolved  from  the  third  form,  how  could  they  possess  wing 
buds  ?  3.  The  primitive  soldiers  always  possess  small 

compound  eyes  and  may  even  possess  traces  of  the 
lateral  ocelli  in  some  cases.  4.  Soldiers  are  found  among 
all  the  primitive  termites,  even  where  the  worker  is 
lacking.  The  only  genus  which  lacks  soldiers  (Anoplo- 
termes)  has  obviously  lost  them  secondarily  as  aU  its 
close  relatives  possess  soldiers.”  Emerson  seems  to  have 
been  led  to  take  this  view  by  his  rather  startling  discover}^ 
in  British  Guiana  of  the  direct  transformation  by  a  single 
moult  of  what  were  obviously  functional  workers  of 
Nasutitermes  {Constrictotermes)  cavifrons  into  nasute 
soldiers.  (Figs.  52  and  53.)  In  this  case,  of  course,  the 
worker  must  be  interpreted  as  a  differentiated  stage  in  the 
life-histoiy  of  the  soldier.  Unlike  Miss  Thompson  and 
Snyder  (1919)  and  Imms  {1919),  who  regarded  the  nasute 
as  a  separate  caste,  Emerson  believes  it  to  be  a  specialized 
form  of  the  mandibulate  soldier.  The  process  of 
specialization  is  actually  shown  in  the  genus  Rhinotermes. 
“  The  facts  indicate  that  the  large  mandibulate  soldier  of 
Rhinotermes  gave  rise  to  a  minor  soldier  which  gradually 
developed  an  elongated  labrum  for  dispersal  of  the 
secretion  of  the  frontal  gland,  and  lost  the  large  mandibles 
which  gradually  degenerated  into  functionless  minute 
points.  The  evolution  finally  resulted  in  the  establish¬ 
ment  of  two  types  of  soldiers  within  the  same  colony,  one 
specialized  for  biting,  the  other  speciahzed  for  the 
emission  of  a  defensive  volatile  liquid.” 

In  conclusion  I  wish  to  add  some  remarks  on  the 
different  types  of  soldiers  which  are  of  unusual  interest 
both  among  ants  and  termites.  Although  they  have 
arisen  independently  in  both  groups  they  exhibit  certain 
marked  similarities  and  in  both  constitute  at  least 
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primarily  a  defensive  or  protective  caste.  While  this 
caste  is  universally  present  in  termites,  except  in  the 
genus  Anoplotermes,  where  it  has  been  lost  secondarily, 
it  has  been  definitively  developed  in  comparatively  few 
genera  of  ants.  And  whereas  in  termites  as  shown  by 
Mastotermes,  Archotermopsis,  Termopsis,  Calotermes, 
and  perhaps  Hodotennes,  it  has  preceded  the  appearance 
of  the  worker  in  phylogeny,  in  ants  it  has  as  certainly 
differentiated  out  of  the  more  primitive  worker  caste. 
In  the  latter  there  is  only  one  general  type  of  soldier,  the 
mandibulate,  which  is  also  very  generally  developed 
among  the  termites,  but  in  some  of  the  higher  Termitidæ 
(Eutermes),  as  we  have  seen,  this  is  replaced  by  a  second 
type,  the  nasutus.  There  is,  moreover,  a  difference 
between  the  ants  and  termites  in  that  the  soldier  of  the 
former  differs  much  less  from  the  cospecific  queen  and 
worker  in  the  size  and  conformation  of  the  head  and 
mandibles  than  do  the  soldiers  of  the  latter  from  the 
cospecific  worker  and  sexual  forms. 

Now  the  methods  of  defence  may  be  very  different  in 
different  species  and  accordingly  we  find  in  both  ants  and 
termites  soldiers  adapted  to  particular  offices,  or 
“  professions.”  In  one  form,  occurring  in  both  groups, 
the  soldier  may  use  its  head  for  merely  occluding,  or 
blocking  the  entrance  gallery  of  the  nest  in  order  to  keep 
out  intruders.  The  soldier  may,  however,  and  this  is  the 
most  frequent  condition,  have  an  enormous  cranium  with 
powerful  jaws  for  aggressive  attack  on  invaders.  Owing 
to  the  excessive  development  of  the  mandibles  and  their 
muscles,  which  in  turn  determine  the  shape,  greater  size 
and  hardness  of  the  cranium,  these  soldiers  may  also  be 
utihzed  by  certain  species  of  ants  as  crushers  of  seeds  or 
the  harder  parts  of  the  insect  food,  which  without  this 
assistance  would  be  inaccessible  to  the  feeble  worker 
caste  (Pheidole,  Pheidologeton,  etc.).  The  soldiers  of 
some  ants  (Hingston,  1922)  and  termites  seem  also  to  act 
as  directors  of  the  foraging  commissariat.  Many  mandi¬ 
bulate  termite  soldiers  and  all  the  nasuti  have  a  large 
frontal  gland  wdiich  produces  a  sticky  liquid,  or  latex. 
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that  can  be  projected  against  and  disable  their  enemies, 
especially  marauding  ants.  This  gland  in  certain  species, 
e.g.,  in  Rhinotermes  tanrus,  according  to  Holmgren  (1909) 
and  Coptotermes  ceylonicus,  according  to  Bugnion  and 
Popoff  (1910)  and  Bugnion  (1914,  1923),  is  so  enormously 
developed  that  it  extends  back  into  the  abdomen  and 
occupies  a  considerable  portion  of  its  cavity.  Other 
singular  conformations  of  the  head  in  soldier  termites, 
very  unhke  those  of  the  adult  and  workers,  are  seen  also 
in  some  mandibulate  types,  like  Capritermes,  the  jaws  of 
which  are  long,  narrow,  twisted  and  very  asymmetrical 
and  enable  their  possessors  to  leap  into  the  air  (Bugnion, 

1923)- 

Very  singular  is  the  type  of  ant  and  termite  soldier 
which  has  the  head  modified  to  fit  the  entrance  of  the  nest 
and  render  the  ingress  of  enemies  difficult  or  impossible. 
The  only  cases  known  to  me  among  the  termites  occur  in 
the  genus  Cryptotermes  (Fig.  41),  though  the  soldiers  of 
the  allied  Calotermes  use  the  head  in  the  same  manner. 
As  usual,  the  modification  occurs  neither  in  the  nymphs 
of  Cryptotermes,  which  function  as  workers,  nor  in  the 
sexual  castes,  all  of  which  have  heads  of  the  ordinary 
simple  conformation.  In  ants  with  soldiers  of  this  type, 
the  head  of  the  queen  is  very  similarly  but  less  perfectly 
adapted.  The  most  famihar  examples  among  the  latter 
insects  are  the  Camponoti  of  the  subgenus  Colobopsis, 
several  of  which  occur  in  Eurasia  and  North  America. 
Their  head  is  short,  cylindrical  and  anteriorly  sharply 
truncated,  with  the  truncated  surface,  including  the 
mandibles,  circular,  indurated  and  more  coarsely 
sculptured  than  the  remainder  of  the  body,  so  that  it  fits 
very  snugly  into  the  circular  entrance  of  the  nest,  which 
is  excavated  in  hard  wood,  ligneous  galls  or  the  stems  of 
rushes.  When  a  Colobopsis  worker  wishes  to  leave  the 
nest  she  strokes  the  soldier’s  abdomen  with  her  antennas 
and  the  animated  door  moves  back  and  as  soon  as  she  has 
passed  out  returns  at  once  to  its  former  position.  On 
returning  she  knocks  with  her  antennae  on  the  exposed 
truncated  surface  of  the  janitor’s  head  and  a  similar 
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response  permits  her  to  enter.  I  find  this  same  type  of 
head  in  single  exotic  species  of  three  other  unrelated 
genera,  namely  Pheidole  [Ph.  colobopsis  of  Brazil), 
Crematogaster  (Colohocrcma)  cylindriceps  of  the  Philip¬ 
pines  and  Epopostruma  (Colobostriwia)  leœ  of  Australia, 
all  of  which  probably  have  much  the  same  habits.  There 
are  also  several  lignicolous  subgenera  of  Camponotus 
(Paracolobopsis,  Pseudocolobopsis,  Manniella,  Neomyr- 
mamblys)  which  exhibit  a  similar  structure  of  the  head 
in  the  queens  and  major  workers.  In  many  species  of 
Cryptocenis,  which  live  in  hard  wood,  the  heads  of  the 
soldiers  are  broad  and  shield -shaped,  and  are  also  used  for 
closing  the  nest  entrances. 

Very  similar  adaptions  for  occluding  burrows,  etc.,  are 
found  not  only  in  a  number  of  other  Arthropods  but  even 
in  animals  belonging  to  other  phyla.  In  some  cases  the 
head,  in  others  the  posterior  end  of  the  body  is  thus 
adaptively  modified,  and  in  both  instances  the  truncation, 
its  circular  outline  and  the  induration  of  its  integument 
are  often  strangely  similar.  Thus  in  larval  tiger-beetles 
(Cicindelidœ)  and  the  burrowing  bees  of  the  genus 
Halictus,  the  head  is  round  and  plug-shaped,  whereas  in 
other  forms,  like  the  bark-beetles  (Ipidae,  Platypodidæ) 
and  som.e  carpenter  bees  (Xylocopa),  which  live  in  burrows 
in  hard  w'ood,  and  in  the  caterpillars  of  a  North  American 
moth  {Cicinnus  melsheimeri,  according  to  Harris  (1862)) 
and  an  allied  South  American  moth  {Perophora  sangumo- 
lenta,  according  to  Sharp  (1899)),  which  inhabit  tubular 
cases  made  of  leaves,  the  posterior  end  of  the  body  is 
more  or  less  truncated,  hardened  and  spinulate.  Similar 
modifications  of  the  head  are  also  seen  in  some  tubicolous 
Annelids  (Maldanidæ,  Amphictenidæ),  and  Barbour 
(1926)  and  Dunn  (1926)  have  described  certain  toads 
{Bufo  empusus  of  Cuba)  and  tree-frogs  {Hyla  lichenata  of 
Jamaica)  which  occlude  their  burrows  with  their  hard, 
peculiarly  modified  heads.  Still  other  cases,  in  which  the 
posterior  end  of  the  body  is  similarly  adapted  are  the 
small  armadillos  of  the  genus  Chlamydophorus,  certain 
Uropeltid  snakes,  according  to  Barbour,  and  the  Mexican 
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spider  Chorizops  loricatus  (Fig.  42),  which  instead  of 
making  a  trap-door  like  the  allied  species,  closes  its  burrow 
with  the  sharply  truncated  and  corrugated  tip  of  its 
abdomen.  Hentz  (1875)  long  ago  called  attention  to  a 
similar  habit  in  a  related  spider  from  the  Southern  States 
{Cyclosoma  truncatum). 

Since  there  is  no  general  term  to  cover  aU  these  peculiar, 
sporadic  and  convergent  modifications  of  the  ends  of  the 
body  for  closing  tubular  cavities,  I  have  suggested  the 
word  “  phragmosis,”  from  ppayimoç,  a  fence  or  barricade. 
From  the  evolutionary  and  behaviouristic  points  of  view 
the  phenomenon,  as  one  of  the  most  striking  and  effective 
methods  of  protection  and  defence,  would  seem  to  deserve 
more  careful  investigation  than  it  has  received.  The 
phragmotic  insect,  instead  of  secreting  or  constructing  a 
stopper,  like  the  operculum  or  epiphragm  of  snails  and 
the  earthen  or  silken  barricades  or  doors  erected  at  the 
entrances  of  their  burrows  by  ants,  wasps  and  trapdoor 
spiders,  actually  employs  for  the  purpose  a  speciahzed 
portion  of  its  own  body,  thus  affording  a  proof  that  no 
hard  and  fast  fine  can  be  drawn  between  behaviouristic 
activities  on  the  one  hand  and  physiological  and  morpho- 
genic  processes  on  the  other.  The  phylogenetic  develop¬ 
ment  of  phragmosis  is  obscure.  The  ants  and  termites, 
at  least,  seem  to  show  that  it  cannot  have  arisen  as  a 
sudden,  saltatory  variation,  or  mutation,  but  must  have 
developed  gradually,  since  we  have  among  many 
lignicolous  Camponoti  and  species  of  Calotermes  various 
approximations  to  the  perfected  conditions  seen  in 
Colobopsis  and  Cryptotermes.  I  have  dwelt  on  the 
sporadic  cases  of  phragmosis,  because  they  show  very 
clearly  the  adaptive  character  of  at  least  one  of  the 
soldier  types  among  ants  and  termites  and  therefore  make 
it  seem  probable  that  this  caste  has  not  arisen  as  a  sport, 
or  mutation.  The  significance  of  this  statement  will  be 
shown  in  the  next  lecture. 
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POLYMORPHISM  [continued) 

When  we  turn  from  the  facts  of  polymorphism  as 
ascertained  by  observation  and  experiment  to  their 
interpretation  we  at  once  find  ourselves  involved  in  the 
physiological  problems  of  ontogeny  and  growth,  of 
phylogeny,  or  evolution  and  of  behaviour,  or  the  activities 
of  the  organism — in  fact  in  all  the  really  fundamental 
biological  problems.  For  there  is  no  a  priori  reason  to 
suppose  that  the  development  of  the  castes  among  social 
insects  requires  any  new  or  unusual  explanation  since 
intelhgent  behaviour,  which  plays  a  rôle  so  considerable 
and  so  unique  in  the  interpretation  of  human  societies 
and  gives  such  scope  for  diversity  of  opinion  among 
sociologists  and  philosophers,  is  so  feeble  even  in  the  social 
Aculeata  as  to  be  quite  neghgible  in  comparison  with 
their  physiological  and  instinctive  activities.  In  my 
paper  on  polymorphism,  published  in  1907,  I  endeavoured 
to  treat  the  subject  from  a  number  of  points  of  view, 
but  here  it  seems  best  to  reduce  the  problem  to  the 
alternative  between  predetermination  and  epigenesis. 
This  problem,  as  is  well  known,  has  long  divided  biologists 
into  two  camps  comparable  to  those  among  philosophers, 
who  are  either  Platonists  or  Aristotelians,  idealists  or 
realists,  nativists  or  empiricists,  instinctivists  or  environ¬ 
mentalists,  etc.  The  morphologist,  primarily  an  observer, 
naturally  inclines  more  to  the  predeterministic,  the  physi¬ 
ologist,  primarily  an  experimentahst,  to  the  epigenetic 
view.  Each  tends  to  a  one-sided  interpretation  of  the 
facts,  and  both,  we  are  now  convinced,  are  right — there 
is  predeterminism  and  there  is  epigenesis  in  organic 
development,  but  there  is  still  abundant  opportunity  for 
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divergent  opinions  on  the  scope  of  the  two  factors  in 
any  particular  case.  In  fact,  present  day  geneticists 
and  physiologists  are  nearly  as  widely  separated  as 
were  the  old  preformationists,  or  evolutionists  and  the 
epigenesists. 

The  difficulty  of  deciding  as  to  how  far  differentiation 
of  the  two  or  three  female  castes  of  the  social  Aculeates 
and  the  five  or  more  castes  of  termites  may  be  intrinsic 
or  predetermined  in  the  egg  or  as  to  how  far  it  may  depend 
on  extrinsic  conditions,  arises  from  the  fact  that  the  castes 
develop  only  in  a  very  special  and,  to  use  Child’s  term 
(1924),  “  standardized  ”  environment,  which  cannot 

readily  be  brought  under  experimental  control.  They 
are,  indeed,  produced  only  in  living  societies,  whose 
activities  are  so  multiform,  so  interdependent  and  so 
exquisitely  equilibrated  that  the  various  factors  can  be 
isolated  only  in  thought.  Even  the  maintenance  of 
colonies  for  considerable  periods  of  time  under  artificial 
conditions  is  far  from  easy,  and  the  small  size  of  the 
insects  presents  almost  insuperable  obstacles  to  a  physio¬ 
logical  inquiry  into  many  of  their  activities  with  our 
existing  methods.  All  their  subtle,  intimate  and 
significant  behaviour,  moreover,  normally  takes  place  in 
complete  darkness,  and  even  the  letting  in  of  the  amount 
of  light  requisite  for  observation  is  a  very  disturbing  factor. 
Nevertheless,  in  our  search  for  the  causes  of  caste 
differentiation,  we  may  exclude  from  the  outset  such 
extrinsic  factors  as  temperature,  moisture,  and  darkness, 
not  because  they  are  inoperative,  but  because  they  act 
uniformly  on  all  the  castes  in  their  various  ontogenetic 
stages.  It  is  obvious,  moreover,  that  the  efficient 
extrinsic  factors  must  emanate  from  the  adult  worker 
caste,  because  in  all  social  insects,  after  the  colony  is 
established,  it  is  not  only  far  and  away  the  most  numerous 
in  individuals  but  is  exclusively  concerned  with  the 
acquisition  and  distribution  of  the  food  and  the  education 
of  all  the  castes,  its  own,  of  course,  included.  Hence  the 
differentiating  factors  if  not  blastogénie,  or  in  the  eggs, 
must  be  trophogenic,  or  due  to  differences  in  the  nutricial 
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behaviour  of  the  workers  which  determine  the  social 
medium.  But  even  with  these  restrictions  the  problem  of 
polymorphism  still  retains  an  exasperating  complexity, 
since  there  are  at  least  six  possible  interpretations,  which 
may  be  formulated  as  follows  : 

(1)  The  eggs  are  all  alike  and  the  sexual,  worker  and 
soldier  castes  are  differentiated  or  produced  by  the  social 
medium  by  means  of  larval  feeding  (Grassi,  Marchai, 
and  all  melittologists). 

(2)  The  various  castes  are  predetermined  in  different 
eggs  but  the  predetermination  is  so  feeble,  or  so  in¬ 
completely  established,  that  the  feeding  of  the  larvæ 
may  reverse  or  abohsh  it,  with  results  essentially  like  those 
of  (i)  (Bouvier). 

(3)  The  castes  are  predetermined  as  such  in  the  eggs, 
i.e.,  each  caste  develops  from  a  different  kind  of  egg 
and  the  trophic  influence  of  the  social  medium  has  no 
morphogenetic  but  at  most  a  quantitative  (megetic) 
effect  in  determining  stature  (Bugnion,  Thompson,  Imms, 
etc.). 

(4)  The  castes  are  predetermined  to  the  extent  that  the 
eggs  are  all  alike,  but  each  has  either 

(a)  a  set  of  ids,  determinants  or  genes  which  may  be 

activated  by  a  particular  kind  of  food  and  thus 
produce  a  specific  caste  (Weismann),  or 

(b)  differential  susceptibilities,  or  potentialities, 

which  may  react  specifically  to  a  particular 
kind  of  food.  (Emery,  O.  Hertwig.) 

(5)  The  castes  may  be  blastogénie  (3,  4)  in  some  groups 
of  social  insects,  and  trophogenic  (i,  2)  in  others. 

(6)  Some  of  the  castes  in  the  same  species  may  be 
blastogénie,  while  others  are  trophogenic. 

T  ou  will  observe  that  the  distinctions  between  these 
possible  interpretations  are  rather  subtle,  especially  in 
regard  to  the  nature  of  the  blastogénie  determinations. 
Since  they  must  be  biochemical  and  physiological  and  are 
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still  unknown,  I  shall  not  waste  your  time  in  discussing 
the  essentially  morphological  hypotheses  that  have  been 
advanced  by  geneticists  to  account  for  them,  hypotheses 
which  are,  in  my  opinion,  essentially  revampings  of 
Weismannian  fallacies  and  at  best  photographs  of  the 
problem  in  pseudo-mathematical  language.  All  we  reaUy 
know  is  that  the  egg  of  any  species  of  organism  has  a 
specific  coUoidal  constitution  and  gives  rise  to  an 
organism  determined  in  part  by  that  constitution  and 
in  part  by  the  action  of  the  medium  in  which  it  always 
Uves  and  develops.  And  although  eggs  of  the  same  parent 
undoubtedly  differ  more  or  less  in  their  constitutions,  it  is 
equally  certain  that  the  precise  nature  of  the  differences 
has  not  as  yet  been  revealed  to  our  too  statically  and  too 
morphologically  minded  geneticists.  Let  us  therefore 
turn  to  the  extrinsic  factors  or  methods  of  larval  feed¬ 
ing,  which  though  extremely  diverse,  nevertheless 
admit  of  a  certain  amount  of  direct  observation  and 
experiment. 

Obviously  larval  feeding  can  be  distinguished  as  either 
quantitative  or  quahtative,  and  it  has  been  usually 
assumed  that  the  former  effects  only  growth  in  size,  or 
stature  whereas  the  latter  may  determine  morphological 
differences.  If  we  take  nutrition  in  a  broad  physiological 
sense,  we  may  distinguish  foods  that  are  utilized  merely 
in  the  metabolism  of  growth,  maintenance  and  replace¬ 
ment  and  those  which  have  a  stimulative  or  excitatory 
effect  on  the  metabohc  processes.  The  latter,  even  in 
extremely  minute  quantities,  hke  the  vitamines  and 
hormones,  may  be  decidedly  morphogenic.  On  the  other 
hand,  qualitatively  different  foods  may  have  no  appreci¬ 
able  effect  on  form  differentiation,  and  in  plants  pro¬ 
nounced  morphological  differences  may  result  from 
quantitative  differences  in  food  as  in  the  various  forms 
of  leaves  on  shoots  of  different  vigour.  Although  it  is 
difficult  to  find  similarly  unequivocal  examples  in  animals, 
they  probably  occur.  It  should  be  noted,  furthermore, 
that  it  is  not  the  food  administered  that  is  effective  but 
that  which  is  actually  assimilated  and,  as  we  all  know 
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from  experience,  this  depends  on  the  physiological  state 
and  appetite  of  the  organism.* 

That  differences  in  the  quantity  of  food  consumed  by 
the  larva  affect  the  size  of  the  imago  is  known  to  all 
entomologists.  Weismann  (1892)  reared  blowfly  larvæ  on 
different  amounts  of  food  and  obtained  very  small,  but 
fertile  individuals.  Whether  they  actually  laid  as  many 
eggs  as  unstarved  individuals  seems  to  be  doubtful.^ 
Similar  experiments  have  been  performed  by  Herms 
(1907)  and  Whiting  (1914)  on  flies  and  by  Nelson  and 
Sturtevant  (1924)  on  honeybees.  Popovici-Baznosanu 
(TpiOrt,  igiod)  succeeded  in  rearing  bees  of  the  genus 
Osmia  about  one-sixth  normal  size  by  leaving  them  only 
small  portions  of  the  bee-bread  which  their  mothers  had 
stored  with  the  eggs.  These  examples  illustrate  a  very 
general  ability  of  starving  insect  larvæ  to  produce  dwarfed 
but  otherwise  normal  adults.  A  much  more  remarkable 
resistance  to  starvation  was  shown  in  Wodsedalek’s 
experiments  (1917)  with  Trogoderma  tarsale,  a  common 
pest  in  museums.  He  succeeded  in  keeping  the  larvæ  of 
this  beetle  alive  for  five  years  and  nearly  two  months 
without  food.  During  that  time  the  full-grown  individuals 
(8  mm.  long)  gradually  became  smaller  and  smaller  till 
they  reached  practically  their  size  at  hatching  (about 
I  mm.)  when  they  had  only  about  one-six-hundreth  of 
their  original  size.  When  fed  these  reduced  larvæ  again 

‘  "  Those  who  have  reared  animals  will  have  observed  that  the  young 
hatched  from  the  same  batch  of  eggs  do  not  grow  uniformly  though 
they  may  be  living  in  the  same  medium,  breathe  the  same  air  and 
receive  the  same  food  abundantly.  This  has  impressed  me  especially 
in  breeding  axolotls  ;  certain  larvae  grow  conspicuously  and  soon 
become  vigorous  specimens,  while  others  remain  small  and  weak  and 
others  pine  away  and  die.  These  differences  are  due  in  part  no  doubt 
to  defective  aquarium  conditions  which  affect  different  individuals 
differently.  But  the  same  facts  are  observable  in  all  other  cultures, 
whether  of  fish,  amphibians  or  insects.  The  most  successful  individuals 
are  the  most  voracious,  those  that  eat  most  or  have  the  best  digestions 
and  therefore  the  best  appetite  (Emery,  i8g6.) 

,,  ^  Ezikov  (1926)  claims  to  have  demonstrated  that  in  blowfly  larvæ 
insufficient  food  brings  about  a  decrease  in  the  number  of  ovarian 
tubules  because  the  parts  of  the  ovary  are  quantitatively  reduced 
in  the  pupa”.  .‘\nd  Reynolds  and  Macomber  (1921»,  19216,  1923) 
find  that  starvation  has  a  tendency  to  produce  sterility  even  in  rats 
and  man. 
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began  to  grow.  "  A  number  of  the  larvae  which  were 
half  grown  when  placed  under  starvation  for  the  first 
time,  have  through  alternating  periods  of  ‘  fasting  and 
feasting  ’  attained  that  size  three  times  and  are  now  on 
the  way  to  their  fourth  ‘  childhood,'  and  even  some  of 
the  large  specimens  have  started  dwindhng  down  to  their 
third  ‘  childhood  ’  after  having  twice  attained  the 
practically  maximum  larval  size.”  Although  there  is 
nothing  like  so  great  a  resistance  to  starvation  in  the 
larvæ  of  the  social  Aculeata,  there  are  cases  of  an  extra¬ 
ordinary  ability  to  pupate  precociously  on  a  very  small 
amount  of  food.  Thus  in  certain  ants  of  the  genera 
Dorylus  and  Carebara  (Fig.  72)  the  minute  worker  pupae 
are  several  thousand  times  smaller  than  those  of  the 
queens.  By  whatever  means  these  differences  may  be 
determined,  it  is  certain  that  the  mere  quantity  of  food 
administered  to  the  larva  must  be  an  essential  factor  in 
their  attainment. 

It  is  well  known  that  the  social  Vespidæ  feed  their 
larvæ  with  pellets  consistingof  malaxated  insects  moistened 
with  sahva  or  other  oral  secretions.  There  is  some  doubt 
as  to  whether  honey  is  fed  to  the  larvæ  even  by  the  wasps 
which  habitually  store  it  in  their  combs.  But  the 
malaxated  soft  parts  of  insects  must  be  of  very  unequal 
food  value.  The  differences  between  the  workers  and 
queens  are  so  small  and  intermediate  forms  are  so 
numerous  that  quantitative  feeding  would  probably 
account  for  their  production.  The  normal  sterility  of 
the  workers  seems  to  be  due  to  acceleration  of  the 
development  of  the  somatic  and  retardation  of  the 
reproductive  tissues,  a  condition  the  reverse  of  neotenia, 
probably  due  to  precocious  pupation  and  therefore  of  the 
nature  of  prothetely.  The  ovaries  of  the  workers  are 
inhibited  but  not  aborted  and  may  produce  viable  ova 
if  the  adult  insect  be  able  to  obtain  sufficient  food  and  does 
not  undergo  nutricial  castration  as  the  result  of  over- 
indulgence  in  nursing.  The  queen  wasps  undoubtedly 
arise  from  the  larvæ  which  are  most  abundantly  fed.  In 
the  social  Vespidæ,  therefore,  there  would  seem  to  be  no 
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reason  to  appeal  to  qualitative  differences  in  larval 
feeding  to  account  for  the  feeble  dimorphism  of  the 
female  sex. 

Caste  development  in  the  humblebees,  notwithstanding 
the  great  difference  in  the  quality  of  the  food,  is  so  similar 
to  that  of  the  Vespidae  that  we  should  naturally  expect 
the  causes  to  be  similar  and  to  be  merely  quantitative. 
In  the  honeybees  and  stingless  bees,  however,  the  matter 
is  more  complicated.  Most  authors  seem  to  assume  that 
the  somatic  differences  between  the  queen  and  worker 
honeybee  are  directly  detennined  by  qualitative  differences 
in  larval  feeding,  but  comparison  with  the  Meliponinæ 
suggests  that  the  differences  in  food  primarily  affect  the 
fertility  of  the  two  castes  and  that  the  somatic  differences 
depend  on  or  are  correlated  with  the  development  of  the 
ovarian  tissues.  Silvestri  (1902)  and  H.  von  Ihering 
(1903)  showed  that  there  are  two  different  conditions  in 
the  Melponinae.  In  Melipona  the  cells  in  which  the  males, 
queens  and  workers  are  reared  are  all  alike  and  of  the 
same  size.  They  are  provisioned  with  the  same  kind  of 
food,  pollen  and  honey,  and  an  egg  is  laid  in  each.  They 
are  then  sealed  up,  and  although  the  larvae  are  not  fed 
from  day  to  day  as  in  the  honeybee,  but  like  those  of  the 
sohtar}'  bees  subsist  on  stored  provisions,  their  uniform 
treatment  nevertheless  results  in  the  production  of  two 
sharply  differentiated  female  castes.  But  on  emerging 
the  queen  Mehpona  has  very  small  ovaries  with  immature 
eggs.  In  the  species  of  the  allied  genus  Trigona,  however, 
which  differ  from  the  Meliponas  in  constructing  large 
queen  cells  and  in  storing  them  with  a  greater  quantity 
of  honey  and  pollen  than  the  worker  cells,  the  queen 
emerges  with  her  ovaries  full  of  ripe  eggs.  These  facts 
would  seem  to  indicate  that  the  large  size  of  the  queen 
cell  and  its  greater  store  of  provisions  are  primarily 
adaptations  for  accelerating  the  development  of  her 
ovaries.  In  the  honeybee  we  may,  perhaps,  adopt  a 
similar  explanation  for  the  feeding  of  the  queen  larva 
with  a  peculiar  substance,  the  "  royal  jelly."  It  has  long 
been  known  that  the  lar\'æ  of  queen  and  worker  honeybees 
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are  fed  on  different  substances  after  the  first  two  01  three 
days  of  their  postembryonic  lives.  After  that  time  the 
worker  larva  is  given  pollen  and  honey,  whereas  the  queen 
larva  receives  a  pecuhar  pap,  the  “  royal  jelly  ”  which  was 
by  Schiemenz  (1883)  regarded  as  a  salivary  secretion  of 
the  worker  nurses  but  by  von  Planta  (1888)  and  Schonfeld 
(1897)  as  partially  digested  food  regurgitated  from  the 
clylific  stomach.  More  recently  Metzer  (1910)  and  Zander 
(1911)  have  shown  that  the  structure  of  the  proventriculus 
is  such  as  to  preclude  regurgitation  of  the  stomach 
contents,  so  that  the  royal  jelly  must  be  regarded  as  a 
salivary  secretion  (see  also  von  Butt  el  Reepen,  1915, 
Nelson  and  Sturt evant,  1924,  and  Lineburg,  1924).  The 
queen  emerges  in  about  sixteen  days  from  the  time  the 
egg  is  laid,  whereas  the  worker,  though  a  smaller  insect 
and  possessing  imperfect  ovaries,  requires  four  or  five 
days  longer  to  complete  her  development.  That  this 
interpretation  of  the  queen’s  development  is  correct  is 
also  indicated  by  the  fact  that  she  may  lay  within  ten 
days  of  the  date  of  her  emergence.  It  would  seem 
therefore  that  the  qualitative  feeding  of  the  queen  larva 
is  not  primarily  concerned  with  morphogenesis  but  with 
the  growth  of  her  gonads.  She  differs  from  the  worker 
in  certain  degenerative  characters,  such  as  the  shorter 
head  and  tongue,  shorter  wings,  simplified  hind  legs, 
absence  of  certain  salivary  glands,  etc.  These  deficiencies 
may  perhaps  be  the  results  of  ovarian  hypertrophy, 
according  to  Emery’s  law  which  will  be  discussed  later.* 

*  Jucci  (1924,  p.  221  nota),  in  an  interesting  discussion  of  the  effect 
of  saliva  on  caste  differentiation  in  the  social  insects,  states  that 
Aeppler  (1922)  found  cystine  in  unusually  large  amounts  among  the 
protein  components  of  the  royal  jelly,  and  that  "  in  bees,  according 
to  Bishop,  this  salivary  nutriment  may  eliminate  the  factors  that 
inhibit  the  development  of  the  reproductive  organs,  factors  which  may 
consist  in  an  excess  of  certain  proteins.”  Pezard  (1919),  who  seems  to 
be  of  the  same  opinion  ,  says  à  propos  of  the  alimentary  castration  of 
hens  fed  exclusively  on  flesh  :  "  The  exclusive  flesh  diet  produces  in  the 
organism  a  slow  intoxication  to  which  the  reproductive  glands  are 
particularly  sensitive  and  in  consequence  of  which  they  may  gradually 
atrophy  and  not  develop  ”.  Jucci  cites  also  several  other  cases  from 
which  one  might  infer  that  the  ovaries  of  worker  honey-bee  larvae 
may  be  inhibited  by  a  diet  too  rich  in  proteins  (pollen),  whereas  in  the 
queen  larva  the  cystine  in  the  royal  jelly  may  counteract  the  inhibitory 
action  of  such  proteins  and  permit  the  ovaries  to  develop.  He  adopts 
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Experimental  bee-kee})ers  liave  rej^catedly  demon¬ 
strated  the  fact  that  an  egg  or  young  larva  transferred 
from  a  worker  to  a  queen  cell  where  it  is  fed  on  royal 
jelly,  or  saliva,  becomes  a  queen.  The  experiments  have 
been  more  recently  repeated  by  Klein  (1904)  and  von 
Buttel-Rcepen  (1911).  The  latter  cites  Klein’s  results  as 
follows  :  “  If  a  larva  half  to  one  or  one-and-a-half  days 
old  be  taken  from  a  worker  cell  and  placed  in  a  queen  cell, 
a  perfect  queen  will  develop  from  it,  since  up  to  that  time 
the  worker  larva  has  been  given  the  same  kind  of  food. 
But  if  the  same  experiment  be  performed  with  larvæ 
two-and-a-half  to  three-and-a-half  days  old,  there  is  a 
certain  small  difference,  the  resulting  queens  being 
slightly  smaller  and  the  legs,  which  are  always  paler  in 
the  queen  than  in  the  worker,  being  spotted  with  black, 
especially  the  hind  tibiae,  where  there  is  in  the  lattei  caste 
a  concavity,  the  corbula.  .  .  .  But  in  larvæ  that  have 

remained  in  the  worker  cell  about  four-and-a-half  days 
and  are  then  transferred  to  queen  cells,  there  is  a  decided 
difference  (i.e.,  they  are  more  like  workers)  owing  to  the 
effects  of  the  larval  food  which  for  the  queen  has  a 
different  composition  after  the  second  day.”  Klein  also 
transferred  a  one-half  to  one-and-a-half  day  old  larva  from 
a  worker  to  a  queen  cell,  left  it  in  the  latter  two  days  and 
then  transferred  it  back  to  the  original  cell  where  it  was 
fed  as  a  worker  for  one-and-a-half  days  more.  The 
emerging  adult  had  very  pronounced  worker  characters, 
although  the  hind  legs  had  shorter  hairs  and  were 
shaped  somewhat  more  like  those  of  the  queen.  There 
can  be  little  doubt  that  by  varying  these  feeding 
experiments  it  would  be  possible  to  produce  artificially 
a  finely  graded  series  of  annectant  forms  between  the 


a  similar  interpretation  for  the  development  of  the  termite  neotenics. 
It  would  not  account  for  the  conditions  in  1  rigona  unless  we  suppose 
that  a  considerable  amount  of  saliva  is  mi.xed  with  the  pollen  and 
honey  stored  in  the  large  queen  cells.  According  to  Ezikov  (1927), 
G.  A.  Koschewnikow  has  shown  that  the  pupa  of  the  worker  honeybee 
“  suffers  a  regressive  metamorphosis  of  its  ovaries,  owing  to  tlie 
fact  that  most  of  the  tubules,  which  are  present  at  this  time, 
degenerate  ”. 
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typical  worker  and  queen,  comparable  to  the  series 
which  is  normally  present  in  the  colonies  of  wasps  and 
humblebees. 

In  the  ants  it  has  been  impossible  hitherto  to  demon¬ 
strate  a  precise  dependence  of  caste  differentiation  on 
food,  because  these  insects  not  only  themselves  eat  such 
a  variety  of  substances  but  also  feed  them  to  all  but  their 
youngest  larvae.  The  substances  range  all  the  way  from 
portions  of  the  most  diverse  insects  to  the  softer  parts  of 
seeds,  the  nectar  of  plants,  the  saccharine  excreta  of 
aphids,  coccids,  etc.  and  the  hyphae  of  fungi.  Some 
species  are  exquisitely  entomophagous,  others  largely 
aphidocolous  or  coccidophilous,  others  exclusively 
mycetophagous  and  a  few,  like  Solenopsis  geminata, 
might  be  called  omnivorous.  And  yet  notwithstanding 
all  this  variety  of  nutriment  and  apart  from  certain 
exceptions  due  to  parasitism,  the  whole  family  exhibits  a 
uniform  female  dimorphism  or  pleomorphism.  The 
following  examples  will  make  this  clear  : — 

The  larvae  of  the  tropical  subfamily  Pseudomyrminae 
(Fig.  43)  as  I  have  shown  (1918,  1920,  1922,  Wheeler  and 
Bailey,  1920),  are  pecuhar  in  possessing  just  back  of  the 
mouth  on  the  ventral  surface  of  the  first  abdominal 
segment  a  pocket,  the  trophothylax  (/),  in  which  the  worker 
nurses  place  the  food  consisting  of  a  pellet  {pe)  moulded 
in  their  own  infrabuccal  pocket.  This  peUet  is  really 
refuse  and  is  made  of  triturated  fragments  of  insects, 
from  which  the  juices  have  been  extracted  by  the  worker, 
plus  the  fungus  spores,  pollen  grains  and  other  particles 
of  detritus  combed  from  her  body  by  means  of  the  strigils 
on  the  fore  feet.  The  ants  of  other  subfamilies  cast  the 
pellet  away  as  worthless,  but  the  Pseudomyrminae  are 
so  parsimonious  that  they  feed  it  to  their  young.  It  is 
precisely  as  if  we  had  attained  to  such  a  degree  of  house¬ 
hold  thrift  that  we  fed  our  children  exclusively  on  the 
contents  of  the  garbage-pail,  dust-bin  and  bath-tub. 
Although  such  a  method  of  feeding  must  preclude  any 
qualitative  regulation  of  the  larval  diet,  there  are  distinctly 
marked  queen  and  worker  castes,  though  of  nearly  the 
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l'ic;.  44.  X'crtical  section  throutth  the  center  ot  ;i  nest  ot  the  \rirentini;in  le-at 
cutter,  .-Itta  l'oIloiD-fidcr'i ^  showing  the  chambers  containing  the  tiinems-uardens. 
(Photograph  b\  Dr.  (iarlos  Bruch.) 
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show  I  lie  s|ionL;e  like  rtinuns  gardens  ,7.'  r/.v  in  the  chambers.  \boul  one- 
eiehth  naiurtd  size.  (Photo^niph  In  Dr.  (  .trios  Bruch.) 
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same  stature,  in  all  Pscudomyrminæ.*  The  youngest 
larvæ,  till  their  jaws  are  strong  enough  to  triturate  the 
pellets,  are  fed  on  saliva,  and  perhaps  the  same  substance 
may  also  be  given  to  some  of  the  older  larvæ  and  determine 
their  development  as  queens,  but  of  this  there  is  no  evidence. 

As  a  second  example  we  may  select  the  Attine  ants  of 
the  American  tropics,  a  tribe  of  Myrmicinæ  which 
uniformly  feed,  both  as  larvæ  and  adults,  on  the  mycelium 
of  particular  fungi  cultivated  on  a  substratum  of  triturated 
leaf-tissue  or  the  excrement  of  caterpillars  or  beetles. 
In  Atta,  the  most  highly  specialized  genus,  the  colonies 
are  very  populous,  the  queens  are  very  large  and  the 
worker  caste  exhibits  a  long  series  of  forms  grading  down 
from  huge-headed  soldiers  to  minute  forms  which  never 
leave  the  nest  but  devote  themselves  to  caring  for  the 
fungus-gardens  (Figs.  44  and  45).  In  Acromyrmex,  the 
queens  are  smaller  and  the  pleomorphism  of  the  workers 
less  pronounced,  and  in  the  lowest  genera,  Trachymyrmex 
(Fig.  46),  Cyphomyrmex,  Sericomyrmex,  Apterostigma, 
etc.,  the  colonies  are  very  small,  the  workers  mono- 
morphic  and  often  nearly  as  large  as  the  queens.  In  the 
latter  genera,  as  I  have  recently  observed  in  colonies  of  a 
Panamanian  Sericomyrmex,  the  queen  mother  scatters 
her  eggs  among  the  fungus  and  the  hatching  larvæ  feed 
on  the  mycelium  within  reach  of  their  mouth  parts, 
which,  as  in  other  Attini  (Wheeler  and  Bailey,  1920),  are 
beautifully  adapted  for  puncturing  the  hyphæ  and 
imbibing  their  protoplasmic  contents.  The  workers 
occasionally  transport  the  larvæ  to  fresh  pastures  but  are 
never  seen  to  feed  them  directly  with  cropped  fungus. 
Atta,  however,  according  to  Tanner  (1892),  employs  the 
latter  method  of  nursing  the  young.  But  whichever 
method  is  employed,  the  feeding  of  the  larvæ  among  the 
Attini  is  quantitative,  although  the  possibility  of  an 
administration  of  saliva  to  certain  larvæ  and  their 
conversion  into  queens  as  a  result  of  such  treatment, 
cannot  be  altogether  excluded. 


'  Except  Viticicola  tessynaiini,  which  for  some  unknown  reason  has 
intermediates  between  the  queen  and  worker  (Wheeler  1922). 
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The  feeding  of  ant-larvæ  with  regurgitated  liquids 
has  been  observed  by  a  number  of  myrmecologists  (Miss 
Fielde,  1901,  Newell,  1909,  Newell  and  Barber,  1913, 
Emery,  1918,  myself  and  others)  and  in  some  species 
(Dolichoderinæ,  Formicinæ)  this  may,  perhaps,  be  the 
only  method  employed.  In  many  Ponerinae  and  some 
Myrmicinæ  (Aphænogaster)  and  Formicinæ  (Lasius)  the 
larvæ  may  be  given  crude  pieces  of  insects  and  those  of 
Messor  and  Pogonomyrmex  fragments  of  seeds.  But  the 
very  youngest  larvæ  are  always  fed  on  regurgitated  food 
and  Emery’s  observations  indicate  that  at  least  the  older 
queen  and  soldier  larvæ  are  similarly  treated.  The 
composition  of  the  regurgitated  liquid,  however,  is  not  so 
easily  ascertained.  It  may  consist  of  saliva  or  liquid  food 
from  the  crop  or  a  mixture  of  both.  There  is  one  instance 
in  which  we  know  that  the  larvæ  are  fed  throughout  their 
larval  life  with  pure  saliva  and  that  is  the  first  brood  of 
the  colony-founding  queen.  Although  she  may  take  no 
food  for  eight  or  nine  months  after  leaving  the  maternal 
nest  for  her  nuptial  flight,  she  is  able  nevertheless  to  bring 
up  a  brood  with  her  saliva  alone.  But  this  brood  com¬ 
prises  only  a  few  individuals,  which  are,  moreover,  always 
small  and  always  workers  !  Here  the  salivary  diet 
certainly  does  not  produce  soldiers  or  queens  and  the 
diminutive  size  of  the  brood  and  of  its  members  shows 
that  the  quantity  of  the  food  may  be  more  important  than 
its  quahty.^  That  the  conditions  are  not  due  to  some 
constitutional  incapacity  of  the  queen  is  proved  by  the 
fact  that  in  the  parasitic  ants  whose  queens  lay  their  first 
eggs  in  the  colonies  of  other  species,  the  stature  of  the 
emerging  adults  is  not  diminished,  since  they  are 
adequately  nourished  during  their  larval  stages  by  the 
host  workers. 

The  intimate  dependence  of  the  differentiation  of  the 
queen  and  worker  castes  on  food  is  beautifully  shown  in 
the  growth  of  all  Aculeate  colonies  that  are  established  by 
single  queens.  The  first  brood  always  consists  of  small 
workers,  those  of  succeeding  broods  graduall}^  increase  in 
size,  and  only  after  the  largest  workers  have  appeared  are 

'  These  statements  now  need  considerable  qualification,  owing  to 
the  researches  of  Meyer  (1927),  who  finds  that  the  recently  fecundated 
queens  of  several  ants  (notabiy  Messor  sfrucfor)  while  establishing  their 
colonies  not  only  devour  many  of  their  own  eggs  but  also  feed  them 
to  their  first  brood  of  larvae.  More  observations  are  needed,  however, 
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the  queens  produced.  This  is  most  clearly  shown  in  ants 
with  polymorphic  workers,  like  Atta,  riieidole,  Pheido- 
logeton,  Camponotus  (Fig.  47),  etc.  Pricer  (1908)  has 
investigated  the  growth  of  Camponotus  pennsylvanicus 
colonies  with  the  following  results  :  The  workers  of  the 
lirst  brood  are  of  the  very  smallest  type  (minima  workers) 
and  the  largest,  or  maxima  workers  are  not  produced  till 
about  the  third  year,  when  the  colony  comprises  about 
goo  to  1,200  individuals.  The  queens  and  males  do  not 
appear  till  the  third  to  sixth  year  and  not  till  the  worker 
population  reaches  2,000.  A  very  similar  slow  succession 
of  small  workers,  large  workers,  soldiers,  neotenics  and 
royal  forms  is  also  observed  in  the  growing  colonies  of 
termites.  The  phenomenon  is  so  constant  and  so 
obviously  dependent  on  the  gradual  improvement  of  the 
trophic  status  of  the  ant  and  termite  colony  as  to  furnish 
one  of  the  strongest  arguments  in  favour  of  the  trophogenic 
hypothesis  of  caste  differentiation. 

Apart  from  observation  of  the  feeding  of  ant  larvæ 
and  experiments  in  rearing  them  under  controlled  con¬ 
ditions,  there  is  also  a  third  method  of  attacking  the 
problem  under  consideration,  namely  by  observing  the 
effects  of  certain  parasites  of  the  individual  larvae  and  the 
disturbances  introduced  into  the  trophic  behaviour  of  the 
colony  as  a  whole  through  the  presence  of  certain 
myrmecophiles.  Four  examples  of  such  “  experiments 
of  Nature  ”  may  be  briefly  described  : — 

In  my  second  lecture  I  dwelt  on  the  Eucharine 
Chalcidids,  whose  planidium  larvæ  when  introduced  into 
ant  nests,  settle  on  the  larvæ  or  semipupæ  and  suck  out 
their  juices.  In  the  case  of  Orasema  viridis  (Fig.  6), 
which  I  observed  in  Texas  (1907^)  infesting  colonies  of 
Pheidole  instabilis,  the  planidia  attach  themselves  to  the 
neck  of  the  larva  or  semipupa  and  after  withdrawing 
suffleient  nutriment,  like  so  many  leeches  or  vampires, 
and  attaining  their  own  semipupal  stage,  drop  off  and 
complete  their  development  as  independent  organisms. 
The  affected  ant  larva  or  semipupa  is  not  killed 
immediately  but  may  actually  pupate  though  it  is  unable 


before  this  practice,  wliii  h  had  previously  tjeen  observed  by  J.  llulier 
(1905).  in  the  large  furtgus-growing  Atta  sexdens  of  I'razil,  can  be 
regarded  as  general  among  the  foi  mii  id;e. 
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to  become  an  adult.  Owing  to  the  withdrawal  of  so 
much  of  its  substance,  the  pupa  is  peculiar  in  exhibiting 
certain  characters  of  inferiority  such  as  the  smaller  size 
of  the  head,  thorax  and  eyes  as  compared  with  the  pupa 
which  it  would  have  formed  had  the  larva  remained 
unparasitized.  It  therefore  belongs  to  a  new  non  viable 
or  “  phthisergate  ”  caste,  the  result  of  mere  mechanical 
withdrawal  of  the  body  juices  and  of  the  ability  of  the 
larval  organism  to  form  a  symmetrical  but  microcéphalie 
whole.  Were  the  adult  capable  of  emerging  and  taking 
part  in  the  activities  of  the  colony,  von  Buttel-Reepen 
and  many  geneticists  of  the  Neodarwinian  school  would 
probably  say  that  it  derived  its  singular  characters  from 
special  determinants  or  genes  in  the  egg  from  which  it 
developed,  but  such  an  inference  would  be  quite  erroneous 
and  would  take  no  account  of  the  extraordinary  regulatory 
powers  of  the  ant  larva.  I  may  say  that  similarly  inferior 
pupal  forms  (phthisodinergates  and  phthisogynes)  seem 
to  be  produced  by  the  Orasemas  when  they  parasitize 
larvae  that  would  normally  develop  into  soldiers  or  queens. 

Many  years  ago  (19016,  1917a,  19106)  I  described 
another  case  of  parasitism  of  a  Texan  ant,  Pheidole 
commutata.  The  larvæ  of  this  insect  are  sometimes 
infested  with  Nematode  worms  of  the  genus  Merniis  and 
develop  aberrant  forms,  which  I  have  called  “  mermither- 
gates  ”  (Fig.  48  b  and  c).  They  are  considerably  larger 
than  the  normal  workers  (a),  which  they  nevertheless 
resemble  in  structure  and  the  small  size  of  the  head, 
although  they  possess  small  ocelli.  In  thoracic  structure 
they  approach  the  soldier  while  the  gaster  is  enormously 
distended  with  the  Mermis  and  retains  scarcely  any 
vestiges  of  fat,  reproductive  organs  and  other  viscera. 
The  behaviour  of  such  parasitized  individuals  is  also 
peculiar,  since  they  never  excavate  the  soil,  nor  care  for 
the  brood  like  normal  workers  but  keep  nmning  about  in 
a  chronic  state  of  hunger,  begging  their  normal  nest-mates 
for  food.  Similar  mermithergates  have  been  described 
by  Emery  (1890,  1904)  in  quite  a  series  of  ants,  including 
Pheidole  absurda  and  various  Ponerinæ  of  the  genera 
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Odontomachus,  Neoponera,  Ectatomma,  Pachycondyla 
and  Paraponera. 

Since  all  of  the  anomalies  cited  were  workers  of 
Neotropical  species  it  was  supposed  that  some  exclusively 
American  Mermis  confined  its  attacks  to  worker  larvae, 
but  I  have  recently  described  (1922a)  a  mermithergate  of 
Camponoius  {Dinomyrmex)  cassius  from  the  Congo,  and 
Mrâzek  (1908)  has  shown  that  the  virgin  queens  of  the 
common  European  Lasnis  alieiius  may  be  infested  with 
Mermis  and  that  such  individuals,  which  he  calls 
"  mermithogynes,”  develop  abnormally  small  wings. 
These  mermithogynes  had  been  seen  in  1898  by  Crawley 
{1910a)  and  described  as  brachypterous  to  distinguish 
them  from  the  ordinary  macropterous  females.  I  have 
also  seen  several  mermithogynes  of  our  North  American 
Lasius  neoniger  (19106).  The  parasites  were  53-55  mm. 
long  and  filled  the  whole  abdomen  of  the  ants,  so  that  in 
the  living  specimens  there  could  have  been  little  left  of 
the  reproductive  organs  and  fat  body.  There  was  nothing 
unusual  about  these  queens,  except  the  somewhat  smaller 
head  and  thorax  and  small  size  of  their  wings,  which 
measured  only  6  to  6.5  mm.  in  length,  whereas  those  of 
normal  L.  neoniger  measure  10  to  ii  mm.  In  1920  the 
British  myrmecologist  Donisthorpe  (1921)  found  numerous 
mermithogynes  in  a  colony  of  the  typical  L.  niger  and  in 
the  same  year  Crawley  and  Baylis  (1921)  published  a 
detailed  account  of  a  number  of  mermithogynes  of 
L.  flavus  and  alienns,  with  a  description  of  the  Mermis 
{M.  myrmecophila  Baylis).  Emery  (1924)  described  two 
mermithogynes  of  Lasius  unibratns  var.  méridionales  from 
Italy,  and  more  recently  Vandel  (1927)  has  described 
mermithergates  in  Pheidole  pallidula  from  Southern 
France.  These  had  been  previously  seen,  but  interpreted 
as  a  new  species  of  parasitic  ant  (“  Ph.  symhiotica  ”)  by 
Wasmann  (1909^,  1910c). 

The  brachyptery  of  the  mermithogynes  is  very  probably 
due  to  the  withdrawal  of  thoracic  materials  by  the  Mermis 
during  larval  life,  but  tlie  various  mermithergates  are  not 
so  easily  interpreted.  The  Ponerinæ  described  by  Emery 
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seem  to  be  in  part  abortive  ergatoid  females  and  in  part 
modified  workers,  but  owing  to  the  similarity  between  the 
normal  queens  and  workers  in  that  subfamily,  we  need 
much  more  material  for  an  adequate  understanding  of 
the  phenomena.  In  the  two  species  of  Pheidole  {ahsurda 
and  commutata)  in  which  there  are  normally  three  sharply 
defined  female  castes,  queens,  huge-headed  soldiers  and 
diminutive  workers,  the  mermithergates  exhibit  a  singular 
mixture  of  their  various  characters.  We  may,  perhaps, 
conjecture  that  Mermis  has  a  twofold  effect  on  its  host  : 
first,  in  increasing  the  appetite  of  the  larva  and  thereby 
stimulating  the  trophic  attentions  of  the  worker  nurses, 
and  second,  in  modifying  the  proportions  of  the  different 
parts  of  the  body,  possibly  through  some  secretion  of  the 
parasite  acting  hke  a  hormone  on  the  growing  tissues  of 
the  larva.  But  whatever  interpretation  we  adopt,  the 
blending  of  characters  of  aU  three  castes  in  the  adult 
mermithergate  seems  clearly  to  point  to  potentiahties  for 
all  of  them  in  the  young  larva. ^ 

The  third  case  of  interest  in  this  connection  is  that  of 
the  beetles  of  the  Staphylinid  tribe  Lomechusini,  which 
have  been  studied  by  Wasmann  for  more  than  thirty 
years  and  concerning  which  he  has  written  nearly  as  many 
papers.  Since  the  latest  of  these  (1920)  contains  a  full 
bibliography  I  need  not  cite  the  literature  and  may  here 
confine  my  remarks  to  the  brief  summary  of  the  observa¬ 
tions  pubhshed  in  my  "  Social  Life  among  the  Insects.” 
The  Lomechusini  comprise  only  three  genera  ; — Lome- 
chusa  (Eig.  50)  and  Atemeles,  peculiar  to  Europe  and 
Northern  Asia,  and  Xenodusa  (Fig.  49),  known  only 
from  the  United  States  and  Mexico.  The  species  of 
Atemeles  and  Xenodusa  have  two  hosts,  those  of  the 
former  living  during  the  summer  and  breeding  in  Formica 
colonies  but  hibernating  in  colonies  of  Myrmica,  the  latter 
also  breeding  with  Formica  but  hibernating  with  ants  of 
the  genus  Camponotus.  Loniechusa,  on  the  other  hand, 
has  only  one  host,  Formica  sanguinea,  with  which  it  lives 
throughout  the  year.  The  adult  beetles  of  all  three 
genera  look  much  alike.  They  are  of  an  oily  red  colour, 

*  I  have  reconsidered  this  whole  subject  of  Mermis  parasitism  in 
ants,  in  connection  with  several  new  cases,  in  a  paper  to  be  published 
during  1928. 
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have  long,  mobile  antennae,  short  elytra  and  a  voluminous 
abdomen  which  can  be  curled  up  over  the  thorax  and  is 
provided  on  each  side  above  with  a  segmental  series  of 
beautiful  golden  trichomes.  Atemeles  and  Xenodusa  beg 
their  food  from  the  ants  by  stroking  their  cheeks  with  the 
forefeet  (Fig.  67).  The  larvae  of  Xenodusa  are  active, 
have  long  legs  and  employ  the  same  method  as  the  beetles 
in  persuading  the  ants  to  regurgitate.  They  also  devour 
the  defenceless  Formica  larvae.  The  adult  Lomechusa  is 
more  passive  in  its  behaviour  and  uses  its  antennae  in 
soliciting  food.  Its  larvae  (Fig.  496)  have  very  short  legs 
and  being  unable  to  run  about  lie  quietly  among  the  ant 
brood.  They  devour  the  brood  and  are  also  fed  by 
regurgitation.  In  all  probability  they  secrete  fatty 
exudates  which  are  greatly  appreciated  by  the  ants.  At 
any  rate,  the  ants  seem  to  prefer  the  predatory  larvae  to 
their  own,  or  perhaps  regard  them  as  unusually  promising 
ant  larvae.  In  consequence  of  this  infatuation  the 
Lomechusa  larvae  often  destroy  the  greater  part  of  the 
brood,  so  that  in  sanguinea  colonies  heavily  infested  with 
the  parasites  the  queen  larvae  develop  abnormally.  Either 
they  are  neglected  or  the  ants  actually  endeavour  to 
convert  them  into  workers,  because  they  feel  that  this 
caste  is  inadequately  represented  in  the  colony.  But 
whatever  be  the  treatment  of  such  queen  larvae,  they 
develop  into  pathological  adults,  known  as  “  pseudogynes” 
(Fig.  516), abortive  creatures,  resembling  workers  in  size 
and  in  the  shape  of  the  head  and  gaster,  but  with  a  more 
voluminous  and  convex  thorax,  approaching  that  of  the 
queen.  They  are  paler  than  the  normal  workers  and  very 
lazy,  cowardly  and  incompetent.  Usually  they  con¬ 
stitute  5  to  7  per  cent.,  less  frequently  20  per  cent,  or 
more  of  the  personnel  of  an  infested  sanguinea  colony. 
Their  appearance  in  a  nest  indicates  that  the  colony  is 
in  a  diseased  condition  and  on  the  road  to  extinction. 
Similar  psuedogynes  are  also  produced  in  the  Formica 
colonies  infested  with  Atemeles  and  Xenodusa,  but  not 
in  the  Myrmica  and  Camponotus  colonies  in  which  the 
beetles  hibernate,  because  they  do  not  breed  among  their 
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winter  hosts  and  cannot  therefore  interfere  with  the 
normal  development  of  their  brood. 

It  will  be  seen  that  unlike  Orasema  and  Mermis, 
Lomechusa  is  not  a  parasite  on  or  in  the  individual  larva 
of  its  host,  but  a  predatory  symphile,  or  social  parasite, 
which  acts  primarily  on  the  threptic,  or  brood-rearing 
behaviour  of  the  worker  personnel,  causing  it  either  to 
neglect  the  queen  larvae  or  actively  to  alter  the  normal 
method  of  feeding  them.  Wasmann  has  shown  that  these 
effects  may  persist  in  sanguinea  colonies  long  after  the 
disappearance  of  the  parasites  as  a  proclivity  of  the 
workers  to  keep  on  rearing  pseudogynes  till  the  colony 
succumbs  as  the  result  of  a  veritable  social  malady. 
Viehmeyer  (1904)  has  demonstrated  experimentally  that 
the  production  of  pseudogynes  is  really  due  to  a 
parasitically  induced  modification  of  the  worker  behaviour 
and  not  to  some  pathological  condition  in  the  eggs  laid 
by  the  mother  queen.  In  one  of  his  sanguinea  colonies 
the  production  of  pseudogynes  continued  for  three  years 
without  the  presence  of  Lomechusa.  During  the  fourth 
year  he  separated  the  mother  queen  from  her  workers 
and  succeeded  in  bringing  about  her  adoption  by  a  body 
of  workers  from  a  colony  that  had  never  been  infested  by 
the  parasites  and  had  therefore  never  acquired  the  habit 
of  rearing  the  anomalous  forms.  The  fresh  worker 
personnel  forthwith  reared  the  larvae  that  hatched  from 
the  queen’s  eggs  as  normal  individuals. 

When  ants  themselves  become  parasites  in  the  colonies 
of  other  ants,  the  behaviour  of  both  species  is  necessarily 
modified,  because  the  social  environment  of  each  is  altered. 
Leaving  a  fuller  consideration  of  this  matter  for  a  future 
lecture,  I  will  give  only  one  example  which  shows  that  the 
modifications  of  the  threptic  behaviour  of  the  parasites 
may  be  reflected  in  the  structure  of  their  queen  and  worker 
personnel.  Years  ago  (1901c,  1903c,  1907c)  I  found  in 
the  hiUs  of  New  England  and  later  in  the  mountains  of 
Colorado  a  small  ant,  Leptothorax  emersoni,  which  is 
always  associated  with  a  larger  Myrmicine,  Myrmica 
canadensis.  The  Leptothorax  inhabit  smaU  chambers 
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near  the  surface  of  the  Myrmica  nest  and  connect  them  by 
means  of  tenuous  galleries  with  the  chambers  of  their 
neighbours.  The  Leptothorax  workers  spend  much  of 
their  time  in  the  Myrmica  nest  where  they  keep  mounting 
the  backs  of  the  workers  and  assiduously  licking  their 
bodies  and  especially  their  heads  and  mouthparts.  The 
Myrmicas  seem  greatly  to  enjoy  these  attentions  and 
from  time  to  time  reward  their  little  riders  with  droplets 
of  regurgitated  food.  But  while  the  Leptothorax 
arrogate  to  themselves  the  right  to  mingle  freely  with  the 
Myrmicas  and  to  flatter  them  into  regurgitation,  they 
resent  the  intrusion  of  the  latter  into  their  own  habitations 
and  insist  on  bringing  up  their  brood  in  perfect  seclusion. 
Owing  to  the  abundance  of  food  thus  received  and  possibly 
to  the  large  amount  of  saliva  it  contains,  the  Leptothorax 
brood  produces  an  enormous  proportion  of  forms  inter¬ 
mediate  between  the  winged  queen  and  regular  worker 
caste.  One  of  my  former  students.  Miss  Margaret 
Holliday  (1903),  from  a  careful  study  of  one  thousand 
specimens  of  L.  emersoni,  was  able  to  distinguish  no  less 
than  eleven  different  forms,  grading  down  from  the 
winged  queen  to  the  smallest  worker,  or  micrergate. 
Dissections  of  the  reproductive  organs  showed  that  “  all 
eleven  types  possessed  well-developed  ovaries,  containing 
mature  eggs  ;  they  had  from  two  to  four  tubules  on  a 
side  ;  the  number  of  eggs  in  each  tubule  varied  both  on 
the  two  sides  of  the  same  ovary  and  in  the  ovaries  of 
different  individuals  of  the  same  type,  as  also  in  those  of 
different  types.  All  the  specimens  dissected  had  better 
developed  ovaries  than  the  queen.  Every  individual 
dissected,  except  two,  possessed  the  receptaculum 
seminis.”  Although  similar  transitional  forms  between 
queens  and  workers  are  knowm  to  occur  in  some  non- 
parasitic  species  of  Leptothorax,  they  are  always  rare.* 

Miss  Holliday  observed  that  “  in  Lepththovax  longispiftosus  Rog. 
L.  curvispinosus  Mayr,  L.  obturator  Wheeler  and  L.  cayiadensis  Prov.’ 
the  sexual  phases  are  represented  by  males,  queens,  macro-  and  micro- 
ergates.  No  ergatoid  females  were  found  in  these  species.  Among 
Z..  cartadeyisis  ovi^  tri-, one  bi-,  and  one  uni-ocellate  worker  were  present. 
The  queens  and  workers  possessed  a  single  tubule  on  each  side.  No 
receptaculum  scrninis  was  present”.  Wasmann  (1895),  however. 
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Their  extraordinary  frequency  in  L.  emersoni  must,  I 
believe,  be  attributed  to  the  unusually  favourable  trophic 
conditions  under  which  the  larvae  are  reared.  Evolution 
in  this  case  might  be  expected  to  lead  eventually  to  a 
complete  elimination  of  the  sterile  worker  and  a  return 
to  two  very  similar  fertile  types  of  female,  one  winged 
and  migrant,  or  colony-founding  and  one  apterous  and 
combining  the  fecundity  of  the  queen  with  a  behaviour 
more  like  that  of  the  worker.  The  foregoing  examples 
will  suffice  to  show  that  in  the  Formicidæ  the  female  larva 
is  much  more  plastic  than  that  of  the  social  wasps  and 
bees.  This  is  obvious,  of  course,  also  from  the  greater 
number  and  more  pronounced  differentiation  of  the 
female  castes  in  many  of  the  genera  and  species. 

Before  passing  to  other  matters,  attention  may  be  called 
to  Emery’s  (1904,  1921)  and  Viehmeyer’s  (1923)  two 
principles,  or  laws  of  larval  and  prepupal  development 
among  ants  and  other  metabolic  insects.  Emery  formu¬ 
lated  his  law,  which  he  calls  that  of  the  “  antagonism 
between  head  and  abdomen,”  as  a  result  of  his  study  of 
the  mermithergates,  as  follows  :  ”  The  principal  function 
of  the  larva  is  to  accumulate  provisions  in  the  form  of  the 
fat-body  for  the  labour  of  metamorphosis  and  to  prepare 
the  rudiments  of  the  imaginai  disks  and  internal  organs. 
These  rudiments  lend  themselves  to  the  competition  which 
arises  during  the  prepupal  stage  when  the  ant’s  body  is 
differentiated  into  head,  thorax  and  abdomen.  The 
organs  essential  to  life,  notably  the  intestine,  which  is 
situated  in  the  abdomen,  have  the  preference  and  the 
head  and  thorax  divide  what  remains  (small-headed 
workers).  If  the  provisions  are  more  abundant,  the 
imaginai  disks  of  the  head,  which  are  most  voracious, 
attract  the  surplus  to  themselves  (large-headed  workers. 


found  raicrogynes  and  numerous  ergatogynic  "  Mischformen  ”  in 
one  colony,  of  L.  acervoritni,  and  Adlerz  (1884),  Wasraann  and  Stumper 
(1921)  have  observed  ergatogynes  in  For»iicoxe>U(s  nitidulus.  The 
latter  lives  asa  guest-ant  in  the  nests  of  Formica  rufa,  and  L.  acervorum. 
like  our  North  American  canadensis,  which  is  usually  regarded  as  a 
subspecies  of  acervorum,  often  nests  very  near,  i.e.,  in  plesiobiosis, 
or  parœcism  with  other  larger  ants. 
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soldiers).  Finally,  if  the  provisions  arc  very  abundant, 
the  rudiments  of  the  ovaries  and  imaginai  disks  of  the 
wings  intervene  and  the  thorax  and  abdomen  grow  at  the 
expense  of  the  head  (winged  female.)”  Undoubtedly 
this  law  has  considerable  value  as  a  general  description  of 
the  ontogeny  of  the  various  castes,  not  only  in  ants  but 
also  in  the  honeybee  and  the  termites.  It  is,  however,  a 
special  and  rather  striking  case  of  the  more  general 
phenomenon  which  Child  (1924)  calls  the  “  axial  gradient  ” 
and  its  reversal.  The  tissues  of  the  prepupa  exhibit  a 
differential  in  the  localization  of  growth,  which  in  the 
soldier  and  worker  major  is  anteroposterior  and  in  the 
queen  posteroanterior.  In  both  cases  the  decrement  is 
steep.  In  Child’s  language,  the  axial  gradient  of  the 
soldier  and  worker  major  is  the  reverse  of  that  of  the 
queen,  and  he  would,  perhaps,  say  that  the  feeding  of 
certain  larvae  may  fail  to  alter  the  original  gradient,  in 
which  case  they  would  produce  queens,  or  that  it  may  be 
reversed,  in  which  case,  according  to  the  strength  of  the 
determining  factors,  a  soldier  would  result.  In  the  small 
worker  the  anteroposterior  decrement  is  feeble.  All  this, 
too,  is  merely  descriptive  and  preliminary  to  ascertaining 
the  actual  metabolic  processes  of  which  we  are  still 
ignorant. 

Viehmeyer’s  law  might,  perhaps,  be  regarded  as  an 
application  of  the  gradient  conception  to  phylogeny  as 
well  as  ontogeny.  He  regards  most  of  the  organs  of  the 
female  ant  as  being  in  a  state  of  flux,  or  instability,  but 
divisible  into  three  categories,  those  which  are  relatively 
fixed,  or  stable,  those  tending  to  a  maximum  development 
and  those  which  are  on  the  road  to  atrophy.  His  law 
applies  to  the  two  latter  organ  categories  which  alone  are 
influenced  by  larval  feeding  and  asserts  that  there  is  a 
tendency  to  accelerate  both  of  these  processes  in  poly¬ 
morphism.  He  says  :  “It  seems  to  me  that  a  long  series 
of  irregularities  in  the  disappearance  of  female  organs 
and  in  the  acquisition  of  worker  characters  may  be 
understood  as  an  acceleration  or  retardation  of  their 
development.  On  the  same  principle  we  might  aLso, 
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perhaps,  explain  most  of  the  differences,  so  far  as  they 
imply  a  nondevelopment  of  organs,  between  small  and 
large  workers  and  between  true  workers  and  soldiers.” 
The  specific  examples  cited  by  Viehmeyer  are  the  very 
rapid  disappearance  of  the  vestigal  mandibular  teeth  in 
male  ants  (Formica)  and  of  the  vestigial  eyes  of  workers 
{Lasiiis  flaviis  and  myops)  under  unfavourable  trophic 
conditions  of  the  colony. 

Ezikov  (1926)  has  recently  shown  that  the  ovaries  of 
worker  and  queen  ants  are  more  interesting  plastic  organs 
which  react  with  acceleration  or  retardation  of  develop¬ 
ment  to  trophic  stimuli  applied  during  the  early  larval 
stages.  It  has  long  been  known  that  worker  ants  have 
fewer  ovarian  tubules,  or  o varioles  than  their  cospecific 
queens  and  that  the  number  of  ovarioles  is  roughly 
proportional  to  the  size  of  the  individual  worker.  Thus 
in  Formica  nifa  there  are  only  two  tubules  in  each  ovary 
in  small,  four  or  five  in  medium  and  six  in  the  largest 
workers.  In  Camponotus  herculeanus  the  number  varies 
from  one  to  five  in  a  corresponding  series  of  individuals. 
In  the  young  stage  of  the  larva  the  higher  number  is 
indicated  b}^  divisions  of  the  embryonic  organ  but 
artificial  starvation  may  reduce  it  to  the  formation  of  a 
single  tubule.  This  reduction,  apparently,  takes  place 
only  if  starvation  occurs  before  the  ovary  has  pro¬ 
gressed  beyond  a  certain  point  in  its  differentiation. 
After  this  period  the  full  number  of  tubules  may  be 
developed  as  in  unstarved  larvæ.  In  the  workers  of 
certain  ants  (Tetramorium  cœspitiim)  the  ovarial  rudiments 
may  be  entirely  suppressed  by  starvation,  so  that  the 
insect  is  sexless.  Thesé  results  are  significant  in  con¬ 
nection  with  Koschevnikow’s  observations  on  the  ovaries 
of  worker  honeybees  (see  p.  199  note).  In  this  case,  how¬ 
ever,  the  suppression  of  ovarioles  occurs  during  pupal  hfe, 
whereas  in  ants  it  is  carried  back  into  the  larval  stages. 

Within  recent  years  the  active  discussion  of  caste 
differentiation  in  the  social  insects  has  shifted  from  the 
Aculeates  to  the  termites.  Grassi  concluded  that  hatching 
termites  all  have  the  same  constitution  and  that  the  castes 
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are  the  result  of  qualitative  feeding.  The  feeding  of 
sahva  to  the  n^-mphs  during  their  early  instars  accelerates 
the  development  of  the  reproductive  organs  so  that  fertile 
sexual  forms  of  the  first,  second  and  tliird  forms  result. 
Those  of  the  second  and  third  forms  are  neotenic  because 
the  development  of  their  somatic  characters  (wings,  eyes, 
pigmentation,  etc  )  are  simultaneously  inhibited  The 
question  of  castration  b}’  the  protozoa  in  the  hind  gut  has 
proved  to  be  an  unnecessary  complication,  since  it  has 
been  shown  that  they  are  not  parasites  but  wood-digesting 
symbionts  (Cleveland),  which  would  naturally  disappear 
from  the  intestines  of  individuals  nourished  with  saliva 
only.  The  workers  and  soldiers  are  forms  inhibited  both 
somatically  and  sexually  by  a  constant  diet  of  wood, 
either  crude  or  partially  digested,  and  fæces.  This 
conception  of  caste  differentiation  in  the  termites  has  been 
accepted  by  Feytaud,  Wasmann  (igoSa),  Heath,  Escherich 
Jucci  and  others.  It  is  also  accepted  by  Holmgren  (igog), 
but  he  believes  the  production  of  fatty  exudates  from  the 
skin  to  be  the  stimulus  that  determines  the  differential 
feeding  of  the  various  individuals.  All  the  larval  stages 
and  all  the  castes  produce  exudates  but  in  very  different 
quantities.  The  quantity,  and  possibly,  also  to  a  degree 
the  quahty  of  the  exudates,  “  is  the  object  of  an  amical 
selection.  The  individuals  which  produce  more  exudate, 
receive  more  food,  and  their  exudate  tissue  therefore 
increases,  since  the  adipose  tissue  stores  the  superfluous 
food  and  gives  it  off  in  the  form  of  exudate.  Now  when 
the  so-called  indifferent  larvæ  hatch  from  the  termite 
eggs,  some  of  them  may  receive  a  little  more  food  from  the 
very  beginning.  These  larvae  being  better  fed,  secrete  a 
somewhat  larger  amount  of  exudate  than  the  others  and 
this  may  signify  for  them  a  different  development  than 
that  of  the  larvae  which  are  more  poorly  nourished,  so  that 
they  appear  in  the  next  instar  as  so-called  ‘small-headed’ 
larvae,  whereas  the  poorly  fed  individuals  moult  as 
‘  large  headed  ’  larvae.  The  ‘  small-headed  ’  are  the 
larvae  of  the  sexual,  the  ‘  large-headed  ’  those  of  the 
sexless  individuals.”  Holmgren  believes  that  the  further 
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differentiation  of  the  former  into  workers  and  soldiers 
and  of  the  latter  into  neotenics  and  royal  forms  is  also 
due  to  quantitative  and  qualitative  differences  in  exudate 
stimulation. 

Very  different  are  the  views  of  Bugnion,  Miss  Thompson 
and  Snyder,  and  Imms,  who  regard  the  castes  as  blasto¬ 
génie,  or  as  predetermined  in  the  egg.  Bugnion’s 
observations  on  Eutermes  are,  as  we  have  seen,  very 
doubtful,  to  say  the  least.  Miss  Thompson  and  Snyder 
admit  that  hatching  termites  are  all  alike  externally  but 
claim  that  they  are  internally  distinguishable  as  two  types 
differing  in  the  size  of  the  brain  and  reproductive  organs 
and  that  their  further  differentiation  as  definitive  castes 
is  also  due  to  intrinsic,  or  blastogénie  and  not  to  extrinsic, 
or  nutritional  factors.  They  therefore  regard  the  castes 
as  mutations,  comparable  to  those  detected  by  De  Vries 
in  Oenothera,  and  are  inclined  to  interpret  polymorphism 
as  a  Mendehan  phenomenon.  But  it  is  ob\’ious  that  the 
Mendelian  behaviour  of  the  castes  can  be  proved  only  by 
experimental  breeding.  This  should  not  be  impossible 
in  view  of  the  fact  that  there  are  three  fertile  castes  and 
possibly  a  fourth  if  we  include  the  soldiers,  which  in  the 
lower  termites  occasionally  produce  offspring.*  Here  the 
matter  rests  for  the  present  and  we  can  only  cry,  like  the 
dying  Goethe,  for  more  light."' 


'  We  have  already  seen  (p.  184)  that  Heath’s  recent  paper  ^927) 
supports  the  earlier  views  of  Grassi  and  calls  for  a  re-examination  of 
Miss  Thompson’s  investigations. 

Silvestri  (1901)  describes  also  fertile  gynæcoid  workers  (possibly 
third  form  adults  ?  )  in  a  South  American  termite. 

*  The  contrast  between  the  blastogénie  and  trophogenic  interpre¬ 
tations  of  caste  development  in  the  termites  is  clearly  expressed  by 
Jucci  in  the  following  passage  :  "  The  researches  of  Miss  Thompson 
have  contributed  greatly  to  our  knowledge  of  the  termites  and  have 
brought  out  two  important  facts  :  ’  Two  important  facts,  which  apply 
to  all  the  termites  here  described,  should  be  borne  in  mind  ;  first,  that, 
together  with  certain  external  characters,  such  as  wings,  there  is  a 
correlation  in  the  size,  structure  and  degree  of  development  of  the  brain, 
the  eyes  and  the  sex  organs  ;  second,  that,  in  general,  in  whatever 
castes  are  represented,  there  is  a  gradation  in  the  size  of  these  organs, 
from  the  first  form  down  to  the  worker  or  soldier  (1920)  .  .  .  . 

this  gradation  of  structure  possibly  representing  different  degrees  of 
ancestral  mutations.  On  the  other  hand,  certain  types  possess 
characters  peculiar  to  themselves,  which  may  represent  progressive 
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If  my  contention  is  correct  that  polymor])liism  originated 
and  developed  independently  in  the  various  groups  of 
social  insects,  and  if,  as  seems  probable,  they  are  of  very 
different  geological  age,  we  should  expect  the  castes  which 
first  arose  as  functional,  i.e.,  behaviouristic  and  physio¬ 
logical  results  of  a  division  of  labour  and  only  gradually 
acquired  their  morphological  differentiation,  to  differ  with 
respect  to  their  hereditary  determination  in  the  germ 
plasm.  While  there  seems  to  be  httle  doubt  that  in  the 
two  recent  groups,  the  social  wasps  and  bees,  the  feebly 
differentiated  queen  and  worker  castes  develop  from  eggs 
of  the  same  kind,  it  is  more  probable  that  in  the  two  more 
ancient  groups,  the  ants  and  termites,  the  pronounced 
fertile  and  sterile  castes  may  be  blastogénie.  The  latter 
statement  may  not  apply  to  the  soldier  caste  which  is 
evidently  of  very  different  age  in  the  ants  and  termites. 
Among  the  termites  it  is  completely  differentiated  as  early 
as  the  Oligocène,  and  since  winged  specimens  of  Masto- 
termes  occur  in  the  Eocene  there  is  every  reason  to 
suppose  that  the  soldier  was  also  present  and  as  perfectly 
developed  as  in  the  hving  M.  darwiniensis.  The  queen 
is  evidently  the  oldest  and  most  conservative  ant  caste 
and  corresponds  to  the  typical  female  of  the  solitary 
Aculeates.  The  worker,  even  if  we  assume  that  the  ants 
originally  had  dimorphic  fertile  queens,  is  a  later  and 
secondary  form,  and  the  soldier,  being  merely  a  pecuharly 


mutation,  for  example,  the  stouter  legs  of  the  second  form,  the  thicker 
chitin  of  the  head  of  the  workers  and  soldiers,  and  the  elongated  head 
and  mandibles  of  the  latter  ’.  Miss  Thompson  therefore  sees  m  these 
two  morphological  facts  a  proof  of  the  ontogenetic  hereditary  origin 
of  the  castes  and  of  their  phylogenetic  origin  through  essentially 
retrogressive  ancestral  mutations.  But  on  the  contrary,  I  see  in  these 
two  facts  a  proof  of  the  differentiation  of  the  castes  during  the  course 
of  their  development  (ontogenetic  as  well  as  phylogenetic)  from  a 
common,  single  morphological  type  ;  a  physiological  differentiation 
which  has  acquired  its  morphological  expression  and  produced  the 
castes  directly  through  changing  the  type  of  metabolism  and  indirectly' 
through  the  mechanisms  of  correlation.  Leaving  the  neuters  aside  for 
the  present,  I  am  convinced  that  in  the  various  sexual  forms  the  so- 
called  retrogressive  ancestral  mutations  are  characters  inherent  in 
neotenia,  depending  on  arrests  of  development  and  that  the  eventual 
progressive  mutations  represent  characters  correlated  with  this  neotenic 
arrest  of  development  ”. 
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specialized  worker,  is  clearly  the  most  recent  of  the  castes. 
Hence  it  more  nearly  corresponds  phylogenetically,  but 
not  functionally,  to  the  worker  of  the  termites.  The 
existence  of  ant  soldiers  in  the  early  Tertiary  is  not 
satisfactorily  estabhshed.  Most  of  the  Lower  Oligocène 
genera  that  have  survived  till  the  present  time  have  no 
soldiers  and  of  others,  hke  Aneleus,  we  know  only 
the  minor  workers.  If  that  genus  has  been  correctly 
identified,  a  soldier  should  have  been  present,  but  even 
this  is  doubtful,  because  there  are  closely  allied  extant 
genera,  hke  Solenopsis,  a  few  species  of  which  (5.  geminata 
and  sœvissima)  have  both  soldiers  and  pleomorphic  workers, 
although  the  great  majority  have  only  small  mono- 
morphic  workers.  The  Formicid  Soldier  caste,  therefore, 
may  not  have  differentiated  out  of  the  larger  worker  till 
Midtertiary  times.  It  seems,  moreover,  to  have  appeared 
independently  in  most  of  the  genera  in  which  it  occurs 
and  not  yet  to  have  acquired  a  definitive  representation 
in  the  germ  plasm.  Starting  from  my  attempt  in  former 
lectures  to  derive  the  ants  from  solitary  or  subsocial 
ancestors  with  dimorphic  females  and  the  termites  from 
sohtary  or  subsocial  ancestors  with  dimorphic  males  as 
well  as  females,  we  might  assume  that  the  queens  and 
workers  of  the  Formicidæ  and  the  royal  forms  and 
soldiers  of  Isoptera  are  really  blastogénie,  but  that  the 
other  castes  and  especially  the  pleomorphic  forms  of 
workers  and  soldiers  are  trophogenic. 

The  foregoing  considerations  lead  up  to  others  which 
make  a  uniformly  trophogenic  origin  of  the  castes  in  all 
social  insects  and  especially  in  the  ants  and  termites  seem 
doubtful.  Though  rather  general  these  considerations 
are  at  first  sight  impressive  as  is  shown  by  Forel’s  (1902) 
recourse  to  some  of  them  to  support  Weismann’s  blasto¬ 
génie  as  opposed  to  the  more  trophogenic  hypothesis 
advocated  by  Emery  in  several  papers  (1894,  1896,  1904, 
1906,  1910,  1918,  1921).  The  considerations  to  which  I 
refer  are  :  first,  the  extraordinary  stability  of  the  typical 
castes  among  existing  species  of  ants  and  termites  ;  second, 
their  extraordinary  constancy  during  geologic  time  ; 
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third,  the  difficulty  of  accounting  for  the  gynandromorphic 
ants  on  the  trophogenic  h^q^otliesis,  and  fourth,  the 
difficulty  of  accounting  for  the  adaptive  characters  of  the 
soldiers  and  workers. 

(1)  The  myrmecographer  who  is  constantly  handling 
ants  from  all  parts  of  the  world  and  minutely  comparing 
thousands  of  specimens  from  many  colonies  cannot  fail 
to  be  impressed  by  the  extraordinary  stability  of  the 
castes,  notwithstanding  the  innumerable  slight  varietal, 
subspecific,  specific,  and  generic  differences.  To  be  sure, 
the  worker  caste  is  absent  in  some  parasitic  genera  and 
the  queen  in  some  others  (Diacamma,  etc.),  but  such  cases 
are  due  to  unusual  ethological  conditions  and  are  so 
exceptional  as  merely  to  prove  the  rule.  Even  the 
greatest  climatic  extremes  of  temperature  have  no 
disturbing  effect  on  the  castes  which  are  supposed  to  be 
so  readily  modifiable  by  food.  And  the  difficulty  of  pro¬ 
ducing  morphological  modifications  comparable  to  those  of 
the  castes  by  feeding  in  other  insects  and  in  our  domestic 
birds  and  mammals  only  increases  our  scepticism. 

(2)  Even  more  extraordinary  is  the  fixity  of  the  ant 
and  termite  castes  during  geological  time.  I  have  been 
quite  unable  to  distinguish  the  workers  of  the  Oligocène 
Formica  flori  from  those  of  living  F .  fusca,  except  by 
differences  due  to  long  preservation  of  the  former  in  a 
resinous  matrix,  and  the  workers  of  other  fossil  species 
differ  from  their  cospecific  queens  in  precisely  the  same 
characters  as  do  those  of  living  species.  The  soldier  and 
worker  termites  figured  by  von  Rosen  have  the  same 
modem  aspect.  We  may  say  therefore  that  the  same 
castes  have  been  produced  and  reproduced  for  many 
millions  of  years  and  in  the  most  widely  separated  portions 
of  the  globe. 

These  objections  to  the  trophogenic  hypothesis  can  be 
met  by  pointing  to  the  fact  that  the  very  constancy  of  the 
castes  implies  that  the  species  to  which  they  belong  have 
been  similarly  constant  during  long  periods  of  Cœnozoic 
and  Tertiary  time  in  all  parts  of  the  world  and  that 
therefore  the  same  must  be  tme  of  the  threptic  medium 
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in  which  the  castes  have  necessarily  been  produced  æon 
after  æon.  This  may  be  granted,  but  it  does  not  prove 
that  the  castes  are  entirely  trophogenic  because  the  blasto- 
genist  may  contend  that  though  the  castes  are  pre¬ 
determined  in  the  egg  they  have  to  be  reared  in  a  particular 
environment  and  fed  on  particular  foods  in  order  to 
develop  at  all. 

(3)  A  considerable  number  of  gynandromorphic  ants 
have  been  described.  They  are  rare,  anomalous  individ¬ 
uals,  with  the  body  made  up  of  left  and  right  halves,  of 
anterior  and  posterior  portions  or  of  a  mosaic  of  parts 
belonging  to  different  sexes  (Wheeler  19036).  The  finest 
examples  are  those  having  the  left  half  of  the  body  male, 
the  right  half  female,  or  conversely  (Fig.  55).  There  are 
really  two  types  of  both  these  "  lateral  ”  and  the 
“  anteroposterior  ”  and  “  mosaic  ”  gynandromorphs, 
according  as  the  female  component  is  that  of  a  queen  or 
a  worker.  The  former  I  have  called  gynandromorphs 
proper,  the  latter  “  ergatandromorphs.”  The  differences 
are  nearly  always  sharply  defined  so  that  few  cases  are 
known  in  which  there  is  any  doubt  about  which  female 
caste  is  combined  with  the  male  component.^ 

If  we  assume  that  gynandromorphs  are  determined  in 
the  egg,  either  by  abnormal  chromosomal  behaviour 
during  fertihzation  or  cleavage  (Boveri,  Morgan),  doubhng 
of  the  egg  nucleus  (Doncaster),  fusion  of  oocytes  (Donhoff, 
Wheeler),  or  fusion  of  ootids  (Whiting),  we  must  regard 
the  worker  and  queen  components  in  the  cases  we  have 
been  considering  as  blastogénie.  The  gynandromorphs 
and  ergatandromorphs  would  be  sharply  distinguishable 
from  Goldschmidt’s  "  intersexes  ”,  because  the  latter 
develop  during  the  ontogeny  through  the  acquisition  by 

’  In  1919  I  described  a  gynandromorph  of  Camponotus  (Colobopsis) 
albocinctus  Ashm.  from  the  Philippines,  with  the  right  half  of  the  head 
male,  the  left  half  soldier  (Fig.  56).  According  to  Emery  (1924),  the 
left  half  of  this  specimen  exhibits  merely  "  generalized  queen-worker  ” 
instead  of  specilically  soldier  traits.  This  may  be  the  correct  inter¬ 
pretation,  though  it  is  strange  that  rudiments  of  ocelli  are  lacking. 
If  Emery  is  right,  the  absence  of  a  soldier  component  in  any  known 
ant  gynandromorph  would  seem  to  support  the  view  that  the  soldier 
is  a  very  recent,  purely  trophogenic  caste. 
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one  sex  of  characters  peculiar  to  the  other.  But  these 
distinctions  seem  to  be  less  absolute  than  has  been 
supposed.  Even  if  the  male  and  female  components  in 
ant  gynandromorphs  are  determined  before  or  at  the  time 
of  fertilization,  it  is  conceivable  that  differences  in  larval 
feeding  might  affect  the  female  component  in  such  a  way 
as  to  determine  its  caste  in  the  adult,  though  we  should 
expect  the  resulting  form,  so  far  as  the  female  component 
is  concerned,  to  be  more  frequently  of  an  intermediate 
type  between  the  worker  and  queen,  i.e.,  ergatoid  or 
pseudog3'nic  and  not  so  sharply  of  either  the  worker  or 
queen  type  as  we  find  in  nearly  all  the  anomalies  hitherto 
described.  Emery  (1924),  has  indeed  recently  described 
two  anteroposterior  g^mandromorphs  of  Myrmica 
ruginodis,  which  exhibit  a  peculiar  mixture  of  worker, 
queen  and  male  characters.  They  are,  in  fact,  as  he  says, 
“  pseudog}Ties  with  male  genitafia.”  That  the  feeding  of 
the  larva  may  determine  the  caste  of  the  female  com¬ 
ponent  of  the  g^mandromorph  is  also  indicated  by  the 
numerous  cases  of  this  anomaly  among  honeybees  (von 
Siebold,  1864,  Boveri,  1915,  Fraulein  Mehlis,  1915),  since 
they  seem  all  to  have  been  reared  in  worker  cells  and  to 
be  ergatandromorphs.  Recent  investigations,  however, 
have  had  a  very  unsetthng  effect  on  our  views  of  the 
blastogénie  origin  of  gynandromorphs  in  general. 
Although  there  is  some  doubt  as  to  Kosminsky’s  definition 
of  these  anomalies  (1924a,  1924Ô),  both  he  and 

Emeljanoff  (1924)  claim  to  have  produced  gynandro¬ 
morphs  and  intersexes  in  moths  by  submitting  their  larvæ 
and  pupae  to  abnormally  low  or  high  temperatures  or  by 
feeding  the  larvae  on  unusual  food.  And  Poulton  (1927) 
has  described  the  production  by  von  Sommern  of  several 
gynandromorphs  of  the  African  butterfly,  Papilio 
dardamis,  by  mechanical  shock  of  the  caterpillars  at  a 
“  time  during  which  the  larval  skin  is  being  cast  and  the 
pupa  is  still  soft  and  unset.”  If  these  observations  are 
confirmed  we  may  have  to  regard  the  distinction  between 
gynandromorphs  and  intersexes  as  artificial  and  the 
former  as  special  cases  of  the  latter. 
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The  most  serious  objection  to  the  trophogenic  hypothesis 
is  the  obviously  adaptive  or  rather  adapted  structure  of 
the  various  castes,  especially  of  the  soldiers  and  workers, 
as  exhibited  in  the  absence  of  wings,  structure  of  head 
and  mandibles,  eyes,  etc.,  and  the  correlated  behaviour 
(difference  of  professions  (Pricer,  1908,  Miss  Buckingham, 
1911,  Hingston,  1922,  etc.)).  And  the  difficulty  is  the 
greater,  because  the  soldiers  and  workers  in  the  most 
highly  specialized  species,  which  reveal  these  adaptations 
in  their  greatest  perfection,  are  sterile,  or  if  fertile,  lay 
eggs  only  under  exceptional  conditions  (abundance  of 
food,  high  temperature,  etc.).  Such  eggs  in  the  ants,  as 
in  the  other  social  Aculeates,  regularly  produce  only 
males.  Since  the  problem  in  the  termites  is  very  similar, 
it  would  seem  that  we  are  compelled  to  adopt  one  of  the 
three  following  hypotheses  : — 

(1)  The  castes  arise  either  as  fluctuating  variations  or 
as  mutations,  which  are  sifted  by  natural  selection  acting 
not  on  the  sterile  castes  but  only  on  the  mother  queen  and 
her  queen  offspring,  as  Darwin  and  Weismann  maintained. 

(2)  There  is  some  finalistic,  metaphysical  factor — some 
social  entelechy — which  initiates  and  guides  the  adaptive 
development  of  the  sterile  castes. 

(3)  The  sterile  castes  are  much  more  frequently  fertile 
than  has  been  supposed  and  can  transmit  their  peculiar 
characters  through  their  male  offspring  (social  Aculeates) 
or  male  and  female  offspring  (termites)  and  thus  acquire 
representation  in  the  germ  plasm  of  the  species. 

The  first  hypothesis  cannot  be  entirely  rejected  since 
the  queen  of  most  social  Aculeates  epitomizes  the  colony 
in  its  incipient  stage  of  development,  but  natural  selection 
has  lost  its  value  as  an  explanation  of  the  origin  of  adaptive 
variations.  The  second  hypothesis  is  avowedly  vitalistic 
and  is  of  no  interest  to  the  scientific  biologist.  That  the 
third  affords  an  opportunity  for  productive  investigation 
is  shown  by  a  very  suggestive  paper  by  Verlaine  (1926), 
who  contends  that  the  males  of  the  social  Aculeates  in 
general  are  the  offspring  of  the  workers.  While  he  admits 
that  old  honeybee  queens  whose  spermathecae  are 
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exhausted,  may  produce  males,  he  is  emphatically  of  the 
opinion  that  the  drones,  even  in  hives  of  the  honeybee 
with  young  and  vigorous  queens,  are  all  the  progeny  of 
workers.  He  shows  that  this  is  also  true  of  the  social 
wasps,  and  Plath  (1922)  has  obtained  the  same  results 
with  humblebees.  Emer\’  (1918)  reported  that  all  the 
males  in  colonies  of  Pheidolc  pallidula  are  produced  by  the 
soldiers  and  not  by  the  queens.  It  is,  indeed,  not 
improbable  that  the  only  queen  ants  which  normally 
produce  males  are  those  of  the  parasitic  genera  (Anergates, 
etc.)  which  lack  the  worker  caste.  Verlaine’s  contention, 
if  sustained  by  further  investigation,  will  do  away  with 
several  awkward  problems  which  have  long  exercised  the 
ingenuity  of  melittologists,  such  as  the  supposed  alternate 
functioning  and  non-functioning  of  the  spermatheca  of 
the  queen  in  adaptation  to  the  worker  and  drone  cells, 
and  many  of  the  hitherto  inexplicable  phænotypic 
peculiarities  of  hybrid  honeybees. 

No  doubt,  we  have  hitherto  laid  too  much  stress  on  the 
static,  morphological  aspects  of  polymorphism  and  too 
little  on  its  dynamic,  physiological  and  behaviouristic 
aspects.  Many  physiologists,  too,  are  apt  to  overlook  or 
at  any  rate  to  minimize  the  regulatory  and  adaptive 
peculiarities  of  biological  processes  and  these  are  certainly 
very  significant  in  the  pœcilogyny  and  pœcilandry  of  the 
social  insects.  It  has  been  suggested  that  the  production 
of  workers  and  soldiers  in  the  colony  is  a  kind  of  experi¬ 
mental  teratogeny  carried  on  by  the  worker  nurses,  but 
it  is  certainly  strange  that  the  monsters  produced,  e.g., 
the  janitor  soldiers  of  Colobopsis  among  the  ants  and  the 
nasuti  among  termites,  should  be  structurally  and 
functionally  so  exquisitely  adapted  to  their  particular 
professions.  And  it  strains  our  credulity  to  be  told  that 
such  forms  arise  either  from  peculiar  genes  popping  out  of 
nowhere  into  the  germ  plasm  or  develop  gradually  under 
the  guidance  of  natural  selection  from  forms  which,  so  far 
as  we  can  see,  must  have  an  equal  or  even  greater  survival 
value.  When  we  encounter  such  impasses  as  the  fore¬ 
going,  instead  of  embracing  the  Aristotelian  Entelecheia, 
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that  beUdame  of  more  than  two  thousand  summers,  now 
so  popular  on  the  other  side  of  the  Rhine,  or  joining  the 
apostles  of  the  survival  of  the  fittest  and  forever  croaking 
“  natural  selection  !  ”,  it  is  surely  more  commendable  to 
sit  down  in  the  laboratory  or  in  the  field  and  say  nothing 
but  ”  ignoramus  ”  till  we  have  made  a  much  more 
exhaustive  behaviouristic  and  physiological  investigation 
of  the  phenomena.  “  Nullus  sermo  in  his  potest  certificare, 
totum  enim  dependet  ah  experientiâ.”  (Roger  Bacon.) 


IX 


THE  SOCIAL  MEDIUM  AND  TROPHALLAXIS 

The  study  of  polymorphism  has  brought  us  to  a  reahzation 
of  the  significance  of  the  social  medium.  In  human 
society  it  is  so  comphcated  that  probably  few  of  us  have 
a  definite  notion  of  what  it  is,  though  we  all  know  that  it 
is  very  important,  but  insect  societies  are  so  much  simpler 
that  they  might  be  expected  to  yield  a  clearer  conception 
of  its  nature.  In  one  of  my  earlier  lectures  attention  was 
called  to  the  fact  that  the  activities  of  social  insects  are 
merely  modifications  of  the  behaviour  of  their  solitary 
ancestors.  This  is  evident  in  the  Aculeata  and  no  doubt 
holds  good  also  for  the  termites,  although  we  know 
nothing  of  the  habits  of  their  solitary  forbears,  the  Proto- 
blattoidea.  In  the  further  discussion  I  shall  therefore 
deal  mainly  with  the  Aculeata.  The  activities  with  which 
we  are  concerned  are  first,  the  nuptial  or  dissemination 
flight,  second,  nidification,  third,  foraging  and  storing 
food  and  its  distribution  among  the  members  of  the 
colony  and  fourth,  defence.  Among  the  solitary  species 
these  activities,  with  the  exception  of  the  nuptial  flight 
or  its  equivalent,  are  carried  on  by  the  females  exclusively. 
In  the  social  species  all  four  activities  have  become  mass 
phenomena  and  are  therefore  intensified  and  modified, 
the  nuptial  flight  but  slightly,  nidification  and  defence 
greatly,  and  most  of  aU  the  trophic  behaviour,  which  has 
to  do  with  providing  the  adult  and  larval  members  of  the 
colony  with  sustenance.  The  social  medium,  in  very 
general  terms,  may  be  said  to  consist  of  these  modified 
and  intensified  activities.  Nidification  and  defence 
among  the  social  Aculeates  have  had  such  a  long  and 
intricate  evolution  that  their  adequate  presentation  would 

223 


224 


THE  SOCIAL  INSECTS 


require  a  special  course  of  lectures.  My  time  wiU  permit 
me  to  consider  only  the  trophic  behaviour,  to  which  all 
the  other  activities  of  the  colony  are  really  ancillary  or 
contributory. 

We  know  that  there  are  two  primary  types  of  colony 
inception  among  social  insects,  either  by  single  parental 
individuals  (queens  in  Aculeates,  royal  couples  in 
termites),  or  by  swarming,  i.e.,  by  sexual  forms  accom¬ 
panied  by  a  certain  number  of  workers  from  the  parental 
colony.  The  former,  again,  may  be  either  independent  or 
dependent.  In  the  independent  subtype  the  queen  or 
royal  couple  is  able  to  establish  a  colony  without  worker 
assistance.  This  occurs  among  the  Poüstinæ  in  temperate 
regions,  the  Vespinæ,  the  Bombinæ  in  temperate  and 
boreal  regions,  Hahctinæ,  Allodape  and  the  great  majority 
of  ants  and  termites.  The  dependent  subtype  is  repre¬ 
sented  by  a  few  parasitic  Vespinæ  and  Bombinæ  and  a 
number  of  mostly  parasitic  ants,  the  queens  of  which  are 
quite  unable  to  found  colonies  independently  and  must 
either  be  adopted  by  colonies  of  their  own  or  other 
species  or  at  least  secure  the  brood  of  another  species 
in  order  to  provide  themselves  with  the  necessary  worker 
aid  in  rearing  their  own  young.  With  these  cases  I  shall 
deal  in  a  future  lecture.  The  groups  which  estabhsh  their 
colonies  by  swarming  are  the  Polybiinæ  and  some  tropical 
Polistinæ  among  wasps,  the  tropical  Bombinæ,  Apinæ  and 
Meliponinæ  among  bees  and  some  termites  (e.g., 
Reticulitermes  lucifugus  in  Italy).  It  will  be  observed 
that  swarming  does  not  occur  in  temperate  regions, 
except  in  the  honeybee,  which  is  really  an  Indian  insect, 
and  in  some  ants  {Formica  exsectoides,  etc.). 

Both  the  dependent  and  swarming  methods  may  be 
regarded  as  modifications  of  the  independent  method  of 
colony  inception  and  are  really  more  definite  expressions 
of  the  dependence  of  the  queen  on  the  worker  caste.  But 
even  the  independent  method  is  merely  an  interlude  in 
the  social  life  of  the  queens  and  royal  couples  that  practise 
it,  since  the  virgin  sexual  forms  of  all  social  insects  remain 
for  some  time  in  the  parental  nest  before  their  nuptial 
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dissemination  flight  and  then  lead  a  very  secluded  life 
till  they  are  in  turn  surrounded  by  their  own  worker 
offspring.  The  social  insect  is,  therefore,  like  man, 
permanently  social,  the  workers  throughout  their  lives 
and  the  sexual  forms  of  the  independent  type,  except  for 
a  brief  period  while  they  are  maturing  their  gonads. 
Naturally  these  conditions  make  it  extremely  difficult  or 
even  impossible  to  determine  to  what  extent  the  behaviour 
of  the  individual  insect  is  the  result  of  the  constantly 
acting  social  medium  in  which  they  are  immersed,  and  to 
what  extent  it  depends  on  inherited  mechanisms.  This 
difficulty  is  also  responsible  for  the  differences  in  the 
interpretation  of  behaviour  by  different  investigators. 
The  physiologist  who  studies  social  insects  merely  as 
individual  organisms,  experimentally  isolated  from  their 
social  medium,  is  apt  to  conclude  that  their  behaviour  is 
entirely  reflex,  or  tropistic  (Bethe,  1898,  1900,  1902,  and 
Henning,  1916),  whereas  those  who  observe  them  in  their 
social  environment  reach  a  very  different  conclusion,  and 
while  admitting  that  many  of  their  activities  are  reflexes 
(“  automatic  ”  behaviour  of  Forel)  feel  confident  never¬ 
theless  that  they  give  unmistakable  evidences  of  memory, 
appetites,  emotion,  imitation  and  a  feeble  intelligence,  or 
ability  to  modify  their  reactions  in  conformity  with 
previous  experience  and  environmental  changes 
(”  plastic  ”  behaviour  of  Forel).  General  agreement  on 
these  matters  still  leaves  plenty  of  room  for  differences  of 
interpretation  in  detail,  according  to  the  training, 
predilections  and  philosophic  outlook  of  the  investigator. 
Forel  and  Brun,  trained  as  neurologists,  are  greatly 
impressed  by  organic  memory  and  make  constant  use  of 
Semon’s  “  mneme  ”  and  his  terminology  in  describing  the 
behaviour  of  social  insects.  The  Jesuit  father,  Wasmann, 
trained  in  the  scholastic  philosophy,  operates  with 
“  instincts,"  virtues  and  faculties  (Vermogen)  in  the 
manner  of  St.  Thomas  Aquinas,  and  with  the  adroitness 
for  special  pleading  and  ignoring  of  pertinent  data,  for 
which  his  order  is  so  celebrated,  wraps  the  whole  subject 
of  myrmecology  and  myrmecophily  in  a  dense  fog  of 
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teleology,  “  Fremddienlichkeit,”  amical  selection,  mimicry 
and  theistical  casuistry.  Within  recent  years  I  have 
come  increasingly  to  avoid  the  word  "  instinct  ”  and  to 
prefer  “  appetite,"  or  "  appetition  ”  in  Fouillee’s  sense 
(Wheeler  1921c).  Of  course,  this  is  nothing  new  since 
the  word  was  used  with  much  the  same  signification  by 
thescholastic  philosophers  [appetitus  sc«sîYfï;Ms,Wasmann’s 
"  sinnliches  Begehrungsvermogen  ”).  It  is  Aristotle’s 
ope^fç  and  is  synonymous  with  the  "  libido  ”  and 
"  craving  "  of  modern  psycho-analysts. 

An  adequate  discussion  of  the  central  (cerebral)  as 
contrasted  with  the  peripheral  (sensory,  or  receptor) 
factors  involved  in  the  behaviour  of  the  social  insects 
would  require  much  time  and  be  irrelevant  to  my 
immediate  purpose,  which  is  to  call  attention  to  the  fact 
that  the  social  medium  is  necessarily  the  creation  of  the 
worker  caste.  This  caste  is  always  produced  in  such 
numbers  as  to  constitute  nearly  the  entire  colony,  and  all 
the  important  behaviour — nidification,  defence,  pro¬ 
visioning  and  caring  for  the  queen  and  young,  in  addition 
to  its  own  sustenance — is  its  sole  prerogative.  The 
activities  mentioned  are  continuous,  except  during 
unfavourable  climatic  conditions,  and  extend  not  only 
throughout  the  nest  but  to  a  considerable  area  over  which 
the  insects  forage  for  food.  This  territory,  which  has  a 
circular  circumference  and  may  be  called  the  "  trophoporic 
field  ”  is  determined  by  the  ranges  of  the  foraging 
individuals  and  naturally  increases  with  the  growth  of 
the  colony.  The  trophoporic  field  of  an  incipient  colony, 
with  its  few  feeble  minim  workers,  is  very  small,  but  as 
the  foragers  increase  in  number  and  size  with  succeeding 
broods,  it  gradually  enlarges  till  it  reaches  its  maximum 
area  when  the  growth  of  the  colony  is  completed.  Except 
where  they  are  few  and  sporadic,  the  trophoporic  fields  of 
colonies  of  the  same  or  different  species  overlap  more  or 
less.  The  food  supply  is  therefore  limited  in  amount  and  the 
exploitation  of  the  field  is  so  intensive,  that  every  avail¬ 
able  source  of  nutriment  is  scrupulously  investigated  and 
carefully  utilized.  According  to  the  habits  of  the  species 
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the  supply  comprises  all  insects  that  can  serve  as  prey, 
all  those  whose  saccharine  excreta  can  be  collected 
(Homoptera),  all  plants  whose  nectar  and  pollen  are 
accessible.  Although  the  trophoporic  fields  of  the  social 
bees  are  much  more  extensive  than  those  of  the  ants, 
the  food  supply  is  precarious  and  subject  to  great  seasonal 
fluctuations.  We  find,  therefore,  that  unlike  many 
solitar\^  bees,  the  Halictinas,  Bombinæ,  Meliponinæ  and 
Apinæ  are  decidedly  polytropic,  or  not  restricted  to  the 
flowers  of  particular  species  of  plants  (oligotropic). 
Certain  foraging  termites  (Eutermes,  Hodotermes,  Termes, 
etc.)  have  rather  extensive,  others  very  restricted 
trophoporic  fields.  In  the  Doryline  ants,  which  are  so 
ravenously  entomophagous  that  they  can  maintain  no 
permanent  nests,  the  trophoporic  field  shifts  like  that  of 
a  nomadic  or  hunting  people.' 

Since  the  size  of  the  colony  is  a  function  of  the 
amount  of  food  obtainable  from  the  trophoporic  field,  the 
latter  determines  and  regulates  the  growth  of  the 
population.  The  workers  are  constantly  endeavouring  to 
obtain  as  much  food  and  to  rear  as  many  young  as 
possible.  Hence  extraordinary  thrift  and  economy  have 
to  be  practised,  especially  when  the  trophoporic  fields  of 
several  colonies  overlap.  The  sexual  forms  and  especially 
the  queens,  which  require  a  considerable  amount  of  food 
during  their  larval  stages,  can  be  reared  only  during  the 
most  favourable  season  of  the  year.  Unfavourable 
trophic  conditions  sometimes  make  economy  .so  acute  that 
the  brood  has  to  be  devoured  wholly  or  in  part  and 
portions  of  the  adult  population  have  to  be  sacrificed,  as 
in  the  slaughter  of  the  drones  among  honeybees  or  of  the 
soldiers  in  certain  ants  of  the  genus  Pheidole.  Our  North 
American  Ph.  militicida  harvests  seeds  and  its  huge¬ 
headed  soldiers  are  needed  to  crush  them,  but  when  the 
winter  comes  on  and  the  services  of  the  seed-crushers  are 
no  longer  required,  they  are  decapitated  and  their  remains 
thrown  out  of  the  nest.  Of  course,  the  caste  thus 
eliminated  can  be  readily  recruited  from  young  larvæ 
during  the  ensuing  spring  and  summer. 

_  '  Uhat  I  have  called  the  trophoporic  field  Le  Dantec  (igiSI  calls  the 
^cantonal  patrimony,”  the  quantity  of  food  which  it  lurnishes,  the 
alimentary  patrimony”  of  the  .species  under  consideration. 
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That  the  workers  of  all  the  social  insects  are  really 
hunger  forms  is  shown  by  their  greedy  behaviour,  their 
normal  lack  of  fecundity,  their  atrophic  development  and 
especially  in  the  ants  and  termites  by  their  rhachitic, 
wingless  adult  physiognomy.  Yet  the  hunger  and  greed 
are  those  of  a  sterile  proletariat  {sii  venia  verbo),  with  little 
or  no  interest  in  producing  but  with  a  keen  interest  in 
rearing  larvae  and  in  securing  the  food  necessary  for 
carrying  on  the  business.  This  paradoxical  proletariat, 
which  takes  upon  itself  the  control  and  regulation  of  the 
numbers  of  individuals  of  all  the  various  castes,  its  own 
included,  has  never  ceased  to  excite  the  admiration  of  the 
paragon  of  animals.  As  de  Gourmont  (1924)  says  :  "  Of 
all  sexual  aberrations,  chastity  is  perhaps  the  most 
singular.  Not  that  it  is  unnatural,  for  nothing  is 
unnatural,  but  on  account  of  the  pretexts  which  it  serves. 
The  bees,  ants  and  termites  present  examples  of  perfect 
chastity  and  a  chastity  that  is  at  the  same  time  utilized 
and  social.  Involuntary  and  congenital,  the  neuter  state 
in  insects  is  an  actual  condition  and  a  source  of 
characteristic  behaviour.  In  man  it  is  a  condition  often 
merely  apparent  or  transitory,  adopted  voluntarily  or 
demanded  by  necessity,  a  precarious  condition  so  difficult 
to  maintain  that  around  it  have  been  erected  aU  kinds  of 
moral  and  religious  and  even  true  ramparts  of  real  stones 
and  real  mortar.  Permanent  and  voluntary  chastity  is 
nearly  always  a  religious  practice.  In  aU  ages  men  have 
been  persuaded  that  a  state  of  perfection  is  attainable 
only  through  such  renunciation.  This  may  seem  absurd, 
but  it  is,  on  the  contrary,  supremely  logical.  The  only 
way  to  avoid  being  an  animal  is  to  abstain  from  an  act 
to  which  aU  animals  yield  themselves  without  exception. 
The  same  motive  has  suggested  abstinence  and  fasting, 
but  since  it  is  impossible  to  live  without  eating  and 
quite  possible  to  live  without  mating,  the  former  has 
remained  a  mere  programme.”  De  Gourmont  might  have 
gone  further  and  called  attention  to  the  singular  fact  that 
throughout  the  ages  the  most  diverse  human  societies 
have  not  only  encouraged  celibate  castes  to  develop  in 
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their  midst  and  lavished  on  them  inordinate  admiration, 
but  have  actually  allowed  them  to  behave  like  the 
workers  of  social  insects  in  controlling  and  regulating  the 
education  and  reproductive  physiology  of  the  fertile 
individuals  as  well  as  those  of  their  own  casted 

The  social  medium  obviously  comprises  not  only  the 
regular  activities  of  the  workers  in  the  nest  and  mainly 
the  collection  of  the  food  and  its  distribution  among 
themseh^es,  the  queens,  males  and  larvae  but  also  the 
relations  to  food-yielding  insects  or  plants  in  the  tropho- 
poric  field  and  to  the  various  guests  which  as  parasites 
sensu  latissimo  are  sometimes  present  within  the  nest 
itself.  The  fact  that  the  latter  are  often  absent,  that  when 
present  they  are  usually  few  in  number  and  have  relations 
with  the  workers  only,  and  that  these  are  usually 
sterile,  constitutes  an  almost  insuperable  objection  to 
Wasmann’s  attribution  of  the  behaviour  of  the  workers 
towards  particular  guests  to  specific  blastogénie 
“  instincts.”  One  must  either  assume  that  there  is  an 
inheritance  of  acquired  charactens — and  that  with  a 
vengeance  ! — through  the  males  produced  from  workers’ 
eggs,  or  that  the  behaviour  towards  the  guests  is  a  purely 
ontogenetic  modification  or  perversion  of  the  regular 
threptic  behaviour  exhibited  by  the  workers  towards  one 
another,  the  queen,  males  and  brood.  I  insist  that  the 
latter  is  the  more  probable  and  more  economical 
assumption  and  the  one  in  closest  accord  with  the  facts 

'  Perhaps  voluntary  human  celibates  are  MenJelian  récessives, 
and  if  one  wished  to  resort  to  an  Adlerian  accessory  hypothesis,  their 
behaviour  might  be  interpreted  as  inspired  by  the  kind  of  “  will  to 
power”  so  conspicuous  in  individuals  with  pronounced  “inferiority 
complexes  A  similar  interpretation  seems  to  be  implied  in  the 
following  remark  of  Gerald  Heard  (1924)  :  ”  Finally,  history  suggests 
that  the  invariable  appearance  at  a  certain  stage  of  the  priest-artist 
is  because  civilization  necessitates  specialization  and  real  specializa¬ 
tion  postulates  a  genetic  variety.  Whenever  a  society  is  about  to 
become  a  civilization,  it  begins  by  producing  celibates.  This  ”  segrega¬ 
tion  of  the  best  stocks  ”  lias  always  been  a  stumbling  block  to  the 
old-fashioned  Eugenist,  but  the  fact  that  seems  to  have  an  inevitable 
naturalness  about  it  must  be  faced,  and  perhaps,  though  this  is  not 
the  place  to  discuss  it,  the  "  best  stocks  ”  might  after  all  not  prove 
to  be  the  best  for  stock  purposes.  (Cf.  Dr.  Bateson’s  Herbert  Spencer 
Lecture:  "  Biological  Fact  and  the  Structure  of  Society,”  ji.  13). 
See  also  Towner  (1923). 
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of  organic  behaviour  in  general.  Even  in  the  study  of 
human  behaviour  which  is  far  better  known  than  that  of 
any  animal,  the  present  tendency  is  to  reduce  the  number 
of  postulated  “  instincts  ”  to  a  minimum  or  to  eliminate 
them  altogether  from  serious  discussion.' 

In  a  paper  published  in  1918  I  attempted  to  stress  the 
importance  of  the  trophic  and  threptic  behaviour  of  the 
social  insects  and  to  frame  for  the  numerous  and 
disparate  facts  a  general  conception  to  which  I  apphed 
the  term  ”  trophallaxis  ”  (from  rpoi/r?/  food,  and  aWaTreii' 
to  exchange).  The  notion  was  favourably  received  by 
the  physiologists  and  ethologists  but  was  treated  as  a 
scandalous  innovation  by  the  Jesuit  instinct  mongers.* 

We  have  seen  that  the  insect  colony  or  society  may  be 
regarded  as  a  super-organism  and  hence  as  a  living  whole 
bent  on  preserving  its  moving  equilibrium  and  its  integrity. 

'  What  really  up-to-date  laboratory  behaviourists  think  of  instincts 
and  their  inheritance  may  be  gleaned  from  a  perusal  of  Kuo's  latest 
paper  (1924).  Though  expressed  in  extreme  language,  this  author’s 
views  are  undoubtedly  valuable  in  calling  attention  to  the  extra¬ 
ordinarily  vague,  unscientific  and  dogmatic  assertions  of  Wasmann 
and  others  in  regard  to  the  hereditary  basis  of  behaviour.  See  also 
Bernard  (1924). 

^  That  my  efforts,  like  all  such  attempts,  should  be  misunderstood 
or  misinterpreted  was  only  to  be  expected,  but  I  did  not  realize  the 
profundity  of  my  ignorance  of  the  biology  of  the  Formicidae  and  their 
guests.  Father  Wasmann,  in  a  176  page  treatise  (1920),  promptly 
demonstrated  my  deplorable  insipience,  and  as  I  had  also  been 
guilty  of  the  mortal  sin  of  pride,  he  very  modestly  placed  as  a  motto 
on  the  cover  of  his  polemic  the  well-known  lines  from  “  Faust  ”  ; 

“  Was  glanzt  ist  für  den  Augenblick  geboren, 

Das  Echte  bleibt  der  Nachwelt  unverloren  ”. 

The  first  line  refers,  of  course,  to  my  daughter  Trophallaxis,  the  second 
to  Wasmann’s  own  immortal  progeny,  the  “  Symphilic  Instincts  ”. 
As  it  was  feared  that  this  howitzer  in  the  camp  of  the  Society  of  Jesus 
might  miss  its  mark,  I  was  treated  with  some  machine-gun  fire  in  the 
Mémoires  of  the  Pontiheal  Roman  "  Accademia  dei  Nuovi  Lincei  ” 
(1923).  In  the  meantime  Herr  Reichensperger  hurried  to  the  rescue  of 
his  outraged  mentor  and  with  the  loving  Christian  kindness  of  his 
ilk,  exuded  a  little  poison  gas  (1921)  in  the  form  of  comments  on  my 
“  recht  kindliche  Analogiebeweise  ”,  etc.  All  of  which  shows  how 
terribly  dangerous  it  is  to  doubt  even  the  biological  dogmas  of  the 
reverend  fathers  and  to  permit  oneself  to  joke  about  their  pet  lucubra¬ 
tions.  Since  I  had  not  extolled  the  charms  of  Trophallaxis  in  every 
paper  I  had  written  since  1918,  Wasmann  concluded  that  I  must  have 
abandoned  the  poor  thing  as  still-born.  Here  his  perspicacity  cer- 
tainlv  forsook  him,  for  I  am  so  far  from  any  such  intention  that  1 
])ropose  to  devote  the  remainder  of  this  and  portions  of  the  two 
following  lectures  to  showing  that  she  is  an  even  healthier  and  more 
viable  infant  than  I  had  supposed. 
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The  individuals  composing  the  colony  must  therefore  be 
in  communication  with  one  another.  The  truth  of  this 
statement  is  indeed  apparent  from  the  observation  of  any 
insect  society,  but  the  methods  of  communication 
employed  are  so  different  from  ours  that  their  precise 
interpretation  and  even  their  detection  may  be  matters 
of  considerable  difficulty.  Undoubtedly  the  individual 
insects  communicate  by  means  of  signs,  i.e.,  by  move¬ 
ments  of  the  body  and  its  appendages,  especially  of  the 
antennæ  (Forel,  Wasmann,  Crawley  (igioi),  Doflein 
(1920),  etc.),  by  vibrations,  or  stridulation,  Wheeler  (1914), 
Santschi  (1927),  odors  (von  Frisch  (1921))  and  tastes. 
All  these  belong  to  the  general  biological  category  of 
stimuh  and  responses,  and  since  the  behaviour  is  very 
largely  concerned  with  food  and  its  distribution  the 
stimuli  are  mainly  olfactory  and  gustatory  and  the 
responses  depend  on  the  chemoreceptors  and  appetites. 
Many  of  the  criticisms  levelled  against  trophallaxis  are 
at  once  dissipated  by  pointing  out  that  in  employing  the 
word  “  food  ”  I  did  not  mean  merely  so  much  matter 
taken  into  the  ahmentary  tract  and  assimilated  but  also 
its  rôle  as  a  stimulus,  or  excitation  of  the  chemoreceptors. 
Obviously  this  latter  role  is  of  the  greatest  significance  in 
social  organisms.  That  it  is  taken  for  granted  by 
physiologists  is  clear  from  the  following  quotations 
(Child,  1924)  :  "  Even  in  most  of  the  simpler  animals  the 
reaction  to  food  involves  excitation  and  the  excitatory 
factor  is  undoubtedly  concerned  in  the  growth  orientation  of 
the  roots  and  other  parts  of  plants  with  respect  to  chemical 
and  photic  stimuli.  .  .  .  Like  the  relations  between 

living  protoplasm  and  its  external  environment  the 
physiological  relations  between  the  different  protoplasmic 
systems,  parts,  organs,  etc.,  of  an  organism  are  either 
material,  involving  the  mere  transportation  of  substance, 
or  dynamic,  involving  the  transfer  of  energy. 

In  the  higher  animals  and  man  the  excitatory  factor  i.s 
unquestionably  the  primary  factor  between  individuals, 
the  material  factor  being  significant  only  as  it  is  excitatory. 
In  fact  all  social  integration  is  based  upon  the  excitator}' 
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relation.  .  .  In  material  or  chemical  correlation 

between  parts,  the  part  producing  a  substance  which 
influences  another  part  controls  the  latter  to  some  extent. 
This  is  also  true  in  cases  in  which  chemical  relations 
between  the  two  parts  are  more  or  less  mutual.  Such 
cases  are  in  some  degree  analagous  to  the  social  reaction 
system  consisting  of  two  groups  of  human  beings  between 
which  mutual  commercial  relations  exist.  To  take  a 
rather  primitive  social  system  of  this  sort,  one  group  for 
example  inhabits  the  coast,  the  other  an  inland  region. 
The  first  group  exchanges  fish,  shell,  salt  for  skins,  game 
or  perhaps  for  metal  articles.  The  articles  received 
constitute  a  factor  in  determining  the  further  activities 
of  the  group  in  each  case.”  I  did  not  mention  such 
obvious  considerations  in  my  paper  on  trophallaxis 
because  I  was  writing  for  biologists  and  not  for  theologians. 
The  latter,  too,  recognize  two  uses  of  food — one  permiss¬ 
ible,  when  it  is  employed  merely  as  so  much  nutriment  to 
keep  body  and  soul  together,  the  other  sinful  when  it  is 
so  stimulating  that  it  may  be  regarded  as  a  ”  Leckerbissen” 
(tit-bit)  and  leads  to  ”  Naschhaftigkeit  ”  (greediness), 
and  this  is  the  distinction  imported  by  Wasmann  into  the 
discussion  of  insect  behaviour  as  a  telling  argument 
against  trophallaxis,  after  I  had  expressly  stated  (igi8a) 
that  the  substances  exchanged,  e.g.,  in  cases  like  Formica 
sanguinea  and  its  guest  Lomechusa,  are  not  quantitatively 
equal  but  that  the  exudates  of  the  guest,  though  produced 
in  very  small  amounts,  may  nevertheless  elicit  intense 
reactions  !  One  would  suppose  that  the  food  served  in  a 
Jesuit  refectory  must  be  even  more  tasteless  than  that 
served  in  a  fifth-rate  New  York  restaurant  ! 

Other  critics  have  imagined  that  I  meant  by  trophal¬ 
laxis  not  only  an  exchange  of  equal  quantities  of  food 
as  mere  nutriment  but  an  exchange  necessarily  and 
immediately  reciprocal.  Still  others,  like  Morstatt  (1922), 
believe  that  trophallaxis  must  be  something  superadded 
to  the  care  of  the  young  (Brutpflege),  although  I  regarded 
this  behaviour  as  the  most  primitive  and  characteristic 
manifestation  of  the  activity.  Kemner  (1923)  has  also 
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criticized  tropliallaxis  on  the  basis  of  some  interesting 
but  incorrectly  interpreted  observations  on  a  Javanese 
myrmecophilous  moth.  A  discussion  of  this  case  may 
be  postponed  till  the  next  lecture.  Among  entomologists 
Brun  (19236)  alone  seems  to  have  grasped  the  true 
meaning  of  my  paper.  His  knowledge  of  psychiatry 
enabled  him  to  show  that  trophallaxis  involves  the 
“  pleasure  ”  as  opposed  to  the  “  reality  principle  ”  and 
to  call  attention  to  the  determining  rôle  which  the  former 
plays  even  in  the  lives  of  the  social  insects.  This  being 
the  state  of  opinion  in  regard  to  trophallaxis,  I  may  be 
pardoned  for  briefl}^  reviewing  the  relevant  facts.  It  will 
then  be  advisable  to  add  some  considerations  which,  I  trust, 
will  not  only  meet  the  really  serious  objections  but  extend 
the  heuristic  and  explanatory  usefulness  of  the  principle. 

Trophallaxis  is  most  easily  observed  among  the  wasps, 
ants,  and  termites.  Du  Buysson  (1903)  and  Janet  (1903) 
were,  I  beheve,  the  first  to  show  that  the  larvae  of  Vespa 
and  Pohstes,  after  being  fed  by  the  workers  or  when  their 
mouth-parts  are  stimulated,  secrete  from  their  salivary 
glands  drops  of  a  thin,  sweetish  hquid  which  are  at  once 
greedily  swallowed  by  their  nurses.  I  have  repeatedly 
observed  the  same  behaviour  in  our  North  American 
Polistes  metrica.  It  was  Roubaud  (191C,  1924).  however, 
who  first  made  a  detailed  study  of  the  reciprocal  feeding 
in  certain  African  wasps  (Belonogaster)  and  grasped  its 
social  significance.  He  called  it  “  œcotrophobiosis  ”,  a 
word  which  seemed  to  me  to  be  rather  awkward  and 
inadequate.  I  therefore  substituted  the  term  “  trophal¬ 
laxis  ”.  In  his  latest  paper  (1924)  Roubaud  has  adopted 
the  word  “  trophœcism  ”  and  therefore  calls  the  wasp- 
colony  a  ‘‘  trophœcium  ”.  In  my  study  of  ant-larvae 
(1918a)  I  cited  a  number  of  phenomena  which  can  only 
be  interpreted  in  the  same  manner  as  the  trophallaxis  of 
the  Vespidae.  In  certain  Ponerinae  (Pachycondyla)  which 
are  primitive,  wasplike  ants,  the  larvae  when  fed  produce 
a  salivary  secretion  which  is  hcked  up  by  the  nurses. 
Some  Myrmicine  larvae  (Paedalgus)  have  enormous  salivary 
glands,  the  secretion  of  which  very  probably  has  a  similar 
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function  since  it  is  not  used  in  spinning  a  cocoon,  an 
envelope  never  produced  by  any  species  of  the  subfamily. 
In  the  larvae  of  aU  Pseudomyrminae  the  mouth  is 
surrounded  by  a  cluster  of  singular  papillae  or  appendages 
which  are  clearly  exudatoria  very  much  like  the  exudatoria 
of  some  termitophiles  (Spirachtha).  These  structures  are 
greatly  developed  in  the  very  young  larvae  (trophidia)  of 
two  species  of  the  African  genus  Pachysima  {œthiops  and 
latifrons)  (Figs.  57),  but  decrease  rapidly  in  size  in  the 
later  stages  when  the  salivary  glands  develop  and 
apparently  usurp  their  secretory  function  (Fig.  58). 
Moreover,  all  ant  larvae  store  in  their  bodies  an  enormous 
amount  of  fat,  some  of  which  exudes  through  the  thin 
chitinous  cuticle  which  is  frequently  licked  by  the  worker 
ants.  The  surfaces  of  ant-larvae  are,  in  fact,  usually 
covered  with  a  lipoid,  hydrofuge  substance  which  is 
probably  derived  from  the  blood  or  fat-body.  That  such 
substances  can  actually  pass  even  through  rather  thick 
chitin  is  shown  by  the  observations  of  Pantel  (1909), 
Roubaud  (1924)  and  others  on  the  young  larvae  of 
Tachinid  flies.  Although  these  larvae  are  completely 
enclosed  in  a  chitinous  sac  developed  from  the  tracheal 
intima  of  their  hosts,  they  nevertheless  obtain  their  food 
by  filtration  or  osmosis  from  the  blood  of  the  latter.* 
All  ant  larvae,  therefore,  probably  produce  small  quantities 
of  exudates  which  are  appreciated  by  their  nurses.  But 
even  if  this  be  doubtful,  it  must  be  admitted  that 
trophallaxis  is  of  general  occurrence  among  ants,  since 
the  queen,  after  bringing  up  her  first  brood,  is  fed  with 
regurgitated  food  by  the  latter,  that  is  by  her  offspring 
in  their  adult  stage.  That  the  workers  of  the  higher  ants 
(Myrmicinæ,  Dolichoderinae,  and  Formicinae)  almost 
universally  practice  this  form  of  reciprocal  feeding  is  a 
fact  too  well  known  to  require  further  substantiation. 


*  Eidmann  (1922)  has  proved  that  both  alkaline  and  acid  solutions 
will  diliuse  through  thin  layers  of  chitin  in  which  pores  are  invisible 
under  a  high  magnification,  and  though  his  results  were  obtained  with 
the  intima  of  the  crop  and  himl  gut  of  the  cockroach,  there  can  be 
no  doubt  that  the  thin  chitinous  integument  of  insects  is  similarly 
permeable. 


\.  N'cninil.  H.  l.aicral  \  lew  nt  the  fii^r  lar\ al  ^tauL■  ("  trophidiuni  ")  nt  the  i  .ihii  ipian 
Vadnsinta  lalifr'iiis,  showini;  the  iiee'uliar  appendae'es  (“  exudate  n  ia  "j  sum  iiimiins.'  the  head.  These 
hell  mu  til  the  three  ihnracic  and  the  lirst  ahduminal  seunients. 
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I  regard  it  as  certain,  furtlierniore,  tliat  adult  ants  also 
produce  fatty  exudates  or  attractive  glandular  secretions 
and  that  the  mutual  licking  in  which  these  insects  indulge 
is  attributable  to  the  presence  of  such  substances  on  their 
bodies  and  not  to  affection  or  to  a  desire  for  cleanliness. 
Nor  are  the  toilet  operations  of  the  individual  ant  due  to 
such  a  desire  but  probably  to  a  reflex  response  to  the 
irritation  of  foreign  matter  on  the  surface  of  its  body  and 
appendages. 

The  mutual  exchange  of  liquid  foods  finds  its  most 
spectacular  expression  in  the  honey  ants  (Figs.  59  and  60), 
which,  as  I  have  shown  (19086,  1914,  1923),  belong  to  a 
number  of  genera  and  species  confined  to  desert  or 
xerothermal  regions  where  liquid  food  is  very  scarce. 
Usually  certain  workers  store  the  food  in  the  crop,  which 
is  so  enormously  distended  that  the  gaster  becomes  very 
large  and  spherical  (Myrmecocystus,  Camponotus  inflatus, 
Melophovus  bagoti),  but  in  many  species  of  Pheidole, 
Pheidologeton  and  Ohgomyrmex  the  soldiers  may  act  as 
honey-pots  and  the  gaster  is  much  less  conspicuously 
enlarged.  Emery,  many  years  ago  (1898),  observed  in 
the  workers  of  certain  ants  from  the  deserts  of  Asia  Minor 
and  North  Africa  {Camponotus  fedschenkoi  and  atlajitis) 
a  pecuhar  enlargement  of  the  abdominal  fat-body.  He 
noticed  that  this  “  adipogastry  ”,  as  it  may  be  called, 
was  best  developed  in  nocturnal  species  and  that  the  fat 
represents  food  stored  as  sustenance  not  only  for  the 
individual  worker  but  also,  after  metabohsm  into  sahvary 
secretion,  for  the  larvae.  A  very  similar  adipogastry  is 
often  noticeable  in  many  hypogaeic  ants,  especially  in  our 
North  American  Lasii  of  the  subgenus  Acanthomyops, 
which  obtain  nearly  all  their  sustenance  from  root-aphids 
and  -coccids.  The  yellow  nocturnal  forms  of  Camponotus 
castaneus  in  New  England  and  of  C.  sansaheanus  in  the 
deserts  of  Arizona  may  also  exlnbit  the  same  ”  Fettleibig- 
keit  ”.  As  Ottramare  (1919)  has  shown,  there  is  evidently 
a  significant  connection  between  absence  of  light  and  the 
accumulation  of  fat.  I  his  is  also  apparent  in  the  fatty 
physogastr}'  of  termites  and  their  guests. 
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Grassi  long  ago  described  the  extensive  development  of 
trophallaxis  among  termites  and  all  succeeding  investiga¬ 
tors  have  confirmed  his  observations.  The  members  of 
the  colony  feed  one  another  on  sahva,  partially  digested 
and  regurgitated  (stomodæal)  foods  and  fæces,  or 
scybalum  (proctodæal  food).  Mutual  infection  of  the 
workers  with  the  symbiotic,  wood-digesting  protozoa  is  a 
result  of  this  singular  coprophagy.  As  previously  stated, 
Holmgren  (iQog)  has  shown  that  aU  the  termite  castes, 
but  especially  the  queens,  have  voluminous  exudate 
tissues,  consisting  of  the  peripheral  layers  of  the 
abdominal  fat-body.  The  trophocytes  of  these  layers 
do  not  contain  fat  but  numerous  minute  granules  which 
are  discharged  into  the  blood  and  thus  convert  it  into  an 
exudate,  which  passes  through  numerous  fine  pores  or 
lacunae  in  the  chitinous  cuticle  to  the  surface  where  it  is 
licked  up  by  the  members  of  the  colony.  The  develop¬ 
ment  of  the  exudate  tissue  differs  considerably  not  only 
in  the  different  castes  but  also  in  their  various  develop¬ 
mental  stages,  and  we  have  seen  in  the  preceding  lecture 
that  Holmgren  traces  the  differentiation  of  the  castes  to 
exudate  hunger.  Esclierich  (1911)  gives  a  more  vivid, 
not  to  say  more  spectacular  account  of  the  greed  of 
termites.  So  eager  are  the  workers  of  the  Ceylonese 
Termes  redemanni  for  the  exudate  of  their  huge  physo- 
gastric  queen  that  they  actually  tear  little  strips  out  of 
her  cuticle  in  order  to  get  at  the  liquid  more  readily. 
Escherich  noticed  that  old  queens  sometimes  have 
their  white  abdomens  dotted  with  little  brown  scars  of  the 
wounds  thus  inflicted  by  their  progeny.  Here  the 
feeding  behaviour  of  the  mother  and  offspring  is  the 
reverse  of  that  in  incipient  ant-colonies,  since  the  queens 
are  fed  with  regurgitated  food  by  the  workers  and  feed 
the  latter  with  their  exudates,  but  in  all  probability  the 
same  is  true  of  established  ant  colonies,  after  the  workers 
have  matured  and  the  queen  no  longer  feeds  the  brood. 

It  is  more  difficult  to  find  evidence  of  trophallaxis 
among  social  bees,  but  the  case  is  perhaps  not  as  hopeless 
as  I  had  supposed  (1918a).  Adult  worker  bees  feed  their 
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I'lc;.  6i.  Atelura  fanniciiria  about  to  snatch  the  droplet  ot  tood  that  is  bein.e 
reeuruitated  by  one  worker  to  another.  (After  C.  Janet.) 

{See  p.  254.) 


h'lG.  62.  A  small  cricket,  Mvmecopbila  nehraseensis,  -nawin.u  at  the  tibia  of  the 
harvesting  ant,  Povo!i(i/)/yrmex  mnletacieu.^ .  {See  p.  234.) 
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queen  and  one  another  with  regurgitated  honey  (von 
Frisch,  1921),  but  whether  this  ever  occurs  among  the 
Bombinae  and  Meliponinæ  seems  not  to  have  been 
observed.  Lineburg  (1924)  has  made  a  careful  study  of 
the  honeybee  larva  to  ascertain  whether  there  is  reciprocal 
feeding  as  in  the  wasps  and  ants.  “  Reciprocal  feeding  ”, 
he  says,  ”  has  never  been  observed  in  the  honeybee,  but 
since  the  food  given  to  the  older  larvæ  is  not  complex  in 
character  and  probably  requires  no  great  amount  of  work 
on  the  part  of  the  nurse  bees  for  its  elaboration,  it  is 
difficult  to  explain  the  great  amount  of  time  spent  by  the 
nurse  bees  in  the  cells  merely  on  the  basis  of  the  belief 
that  food  is  being  fed  to  the  larva  all  that  time.  That  the 
usual  method  of  feeding  is  directly  to  the  larval  mouth  is 
clear  from  the  fact  that  no  significant  amount  of  food  is 
ever  found  in  the  base  or  on  the  sides  of  the  cell  of  an  older 
larva.  In  the  determinations  of  the  weight  of  food 
residue  in  the  cell  it  is  noteworthy  that  for  each  age  it  is 
quite  uniform.  If  one  dared  to  assume  reciprocal  feeding, 
this  might  perhaps  account  for  the  peculiar  development 
of  the  worker  bee  in  the  repression  of  the  sex  organs  and 
their  morphological  modifications  ”.  These  remarks  show 
that  reciprocal  feeding  between  worker  honeybees  and 
worker  larvæ  is  not  altogether  improbable.  That  the 
worker  eggs  and  larvæ  have  some  powerful  attraction  is 
shown  by  the  number  of  visits  they  receive  and  the  time 
workers  spend  in  the  cells.  ”  Averaging  the  results  found 
for  the  eggs  and  larvæ  of  all  ages,  it  is  seen  that  on  an 
average  more  than  1,300  visits  are  made  in  twenty-four 
hours.  On  the  last  day  before  capping  no  less  than 
2,855  visits  are  made  by  the  nurse  bees  to  a  single  cell. 
On  this  last  day  before  capping  approximately  qf  hours 
are  spent  by  the  nurse  bees  within  the  cell. 

Over  10,000  visits  are  made  to  each  developed  bee  during 
the  eight  days  from  the  time  the  egg  is  laid  until  the  cell 
is  capped.” 

In  a  previous  lecture  I  called  attention  to  the  secretion 
of  wax  in  social  bees  and  of  a  similar  substance  in  certain 
solitary  species  (Tetralonia,  Eucera,  etc.).  Wax,  which 
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is  very  largely  myricyl  palmitate,  is  really  a  lipoid  exudate 
related  to  the  fats  (Mathews,  1921).  Its  production  would 
seem  to  be  a  result  of  the  great  amount  of  sugar  consumed 
by  bees,  since  similar  exudates  are  produced  by  Coccids, 
Aphids,  Fulgorids,  etc.,  which  live  on  the  sap  of  plants  and 
ingest  so  much  sugar  that  they  have  to  rid  themselves  of 
much  of  it  as  fæces.  Curiously  enough,  many  of  the 
Coccinellid  larvae  (e.g.,  Brachyacantha)  which  feed 
exclusively  on  these  Homoptera  also  produce  abundant 
wax  exudates  (Wheeler,  igiiè).  According  to  Friese 
(1923),  the  fatty  exudates  of  solitary  bees  “  evidently 
represent  the  excess  energy  derived  from  the  food  which 
tensely  fills  out  the  body  of  the  larva  in  the  form  of  the 
whitish  corpus  adiposum  before  pupation.  This  stored 
chemical  energy,  which  in  the  trophocytes  is  used  to 
maintain  the  life  of  the  pupa  and  for  some  years  that  of 
the  imago,  is  usually  not  entirely  consumed  but  produces 
the  above  mentioned  fatty  exudate  in  freshly  kiUed 
solitary  bees.  Such  exudates  are  also  represented  by  the 
“cushions  of  an  apparently  fat-  or  wax-like  substance”, 
found  between  the  four  median  segments  on  the  dorsal 
side  of  the  abdomen  of  the  long-horned  bee,  Tetralonia 
ruficolUs  Although  wax  is  now  used  exclusively  in 
constructing  the  cells  in  which  the  larvae  are  reared  and 
the  food  is  stored,  the  question  arises  as  to  whether  it 
was  not,  among  the  immediate  ancestors  of  the  Bombinæ, 
Meliponinæ  and  Apinæ,  employed  to  some  extent  as  a 
larval  food.  Two  of  the  older  and  at  least  one  of  the 
modern  observers  of  bumblebees  (Swammerdam  (1737) 
Réaumur  (1742)  and  Haerter  (1890))  have,  in  fact,  claimed 
that  the  “  pollen  paste  ”,  or  mixture  of  pollen  and  wax,  in 
which  the  queen  Bombus  lays  her  eggs,  is  devoured  by 
the  larvæ.  The  majority  of  recent  investigators,  however, 

■  In  connection  with  the  fact  that  only  the  young  honeybee  workers 
secrete  wax,  Friese  remarks  :  "  We  see  therefore  that  little  attention 
has  been  given  to  the  organic  nexus  between  the  fat-body  of  the  larva 
and  the  wax-production  of  the  adult  honey  bee.  I  am  of  the  opinion 
that  the  wax  exudation  is  entirely  dependent  on  the  supply  of  fat 
energy  of  the  larva.  From  this  point  of  view  the  condition  of  older 
honey-bees  with  respect  to  wax  production  as  well  as  the  phylogenetic 
origin  of  the  wax  scales  and  wax-glands  may  be  readily  explained  ”. 
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have  been  unable  to  confirm  the  observation.  Since  tlie 
larva  of  the  well-known  wax-moth  {Galleria  melonella) 
can  digest  wax,  although  it  cannot  complete  its  develop¬ 
ment  without  additional  substances  (Donhoff  (1882), 
Liel)cr  and  Metalnikow  (1904),  Biedermann  (1911)),  it  is 
not  improbable  that  humblebee  larvas  may  be  able  to 
produce  some  ferment  capable  of  rendering  the  wax 
assimilable.  Elaboration  of  the  suggestion  that  the 
ancestors  of  the  three  higher  groups  of  social  bees  may 
have  fed  their  larvae  on  fatty  exudates  would  be  pure 
speculation,  but  our  knowledge  of  the  intimate  behaviour 
of  these  insects  is  so  rudimentary  that  there  can  be  no 
harm  in  calling  attention  to  the  possibility. 

Extensive  as  is  the  scope  of  trophallaxis,  or  exchange 
of  food  in  the  various  social  insects,  the  principle  is 
sufficiently  elastic  to  cover  an  even  greater  number  of 
phenomena,  if  we  include  besides  the  substances  that  are 
socially  excitatory  through  the  taste  receptors  also  those 
that  affect  the  other  chemical  sense,  namely  olfaction. 
At  first  sight,  this  seems  to  be  inadvisable,  if  not  absurd, 
but  I  believe  that  the  following  remarks  will  show  that 
there  is  abundant  justification  for  taking  a  different  view 
of  taste  and  smell  in  insects  from  that  commonly  held  in 
regard  to  these  senses  in  human  and  mammalian 
physiology.  In  mammals  the  gustatory  and  olfactory 
receptors  are  clearly  separate  in  structure  and  position, 
though  we  are  all  famihar  with  the  fact  that  olfaction 
enters  very  largely  into  what  we  call  our  taste  sensations, 
and  it  is  known  that  in  certain  fishes  the  taste-buds  are 
scattered  over  the  surface  of  the  body,'  In  both  receptors 

’  "  In  fishes  Herrick  (1903)  lists  over  thirty-five  species  in  which 
taste-buds  are  known  to  occur  on  the  outer  surface  of  the  animal  as 
well  as  in  the  mouth.  The  catfish  Amiurus  is  remarkable  in  this 
respect  in  that  its  whole  outer  surface  is  provided  with  these  organs 
which  are  most  abundantly  present  on  the  barbels.  When  a  piece 
of  meat  is  brought  in  contact  with  the  barbel  of  one  of  these  fishes . 
the  animal  will  immediately  seize  and  swallow  the  morsel.  The  same 
is  true  when  the  meat  is  brought  in  contact  with  the  side  of  the  fish  ”. 
(G.  H.  Parker,  1922).  Herrick  has  proved  that  the  responses  to  meat- 
]uice  discharged  from  a  pipette  against  the  fish's  side  are  due  to  taste, 
not  touch,  and  Parker  (1912)  has  shown  that  when  the  seventh  cranial 
nerve  which  innervates  the  taste-buds  in  the  flank  of  Amiurus  is 
severed,  the  gustatory  responses  no  longer  occur. 
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the  nerve  terminations  are  affected  by  chemical  substances 
dissolved  in  a  liquid  or  mucous  layer  overlying  them. 
It  is  usual  to  transfer  our  notions  of  distinct  taste  and 
smell  receptors  to  insects  although  even  in  vertebrates 
taste  is  not  a  unitary  chemical  sense  and  in  insects  cannot 
be  distinguished  from  smell  by  the  structure  of  the 
sensillæ.*  We  have  merely  acquired  the  habit  of  regarding 
chemoreceptors  (sensillæ)  on  the  mouth  parts  as  gustatory 
and  those  on  the  antennæ  as  olfactory.  But  lately 
Minnich  (1921,  ig22a,  19226, 1924, 1926)  has  demonstrated 
by  carefully  conducted  experiments  that  butterflies  and 
Muscids  taste  with  their  feet  (with  the  four  terminal  tarsal 
and  distal  portion  of  the  basitarsal  joints  of  the  second 
and  third  pairs  of  legs).  This  form  of  chemoreception  is 
probably  of  more  general  occurrence  among  insects  and 
other  Arthropods.  Even  the  distinction  between  distance 
receptors  for  smell  and  contact  receptors  for  taste  does 
not  help  us,  since  insects  use  their  antennæ  in  both  ways 
as  well  as  for  tactile  sensations. 

The  study  of  the  chemoreceptors  of  insects  leaves  us 
confused  and  baffled  with  the  variety  of  the  sensillæ  and 
their  wide  distribution  over  the  body.  And  the  con¬ 
fusion  is  increased  by  the  difference  of  opinion  in  regard 
to  their  structure,  which  grades  all  the  way  from  sensillæ 
which  may  be  either  tactile  or  olfactory,  through  a  great 
variety  of  presumably  olfactory  and  gustatory  to  the 
Hicksian,  or  campaniform  sensillæ  which  have  been 
variously  interpreted  as  organs  of  pressure,  temperature, 

*  Parker  says  of  the  vertebrates  :  "  It  is  true  that  gustation  is 

a  strikingly  unified  operation,  but  when  this  unity  is  looked  into,  it 
is  seen  to  depend  on  simultaneousness  of  action  rather  than  on  independ¬ 
ence  of  activities.  Smell  is  related  to  taste  in  much  the  same  way 
that  one  taste  is  related  to  another.  On  the  whole  it  would  seem 
more  consistent  with  fact  to  speak  of  the  sour  sense,  the  saline,  the 
sweet,  and  the  bitter  sense  than  of  the  sense  of  taste.  J  ust  as  the  sense 
of  feeling  in  the  skin  has  been  shown  to  consist  of  at  least  four  senses, 
touch,  pain,  heat  and  cold,  so  taste  must  be  regarded  as  composed  of 
a.t  least  four  senses.  That  these  act  together  and  in  everyday  experi¬ 
ence  produce  a  unified  effect  upon  us  is  no  more  reason  for  classing 
them  as  one  sense  than  in  the  case  of  the  integumentary  senses. 
The  sense  of  taste  must,  therefore,  be  regarded  as  a  generic  term  under 
which  at  least  four  true  senses  are  gathered  :  sour,  saline,  bitter  and 
sweet  (Ohrwall,  1891,  1901)  ". 
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humidity  or  vibration.  While  most  authors  believe  that 


the  olfactory  sensillæ  are  confined  largely  or  exclusively 
to  the  antennæ,  Mclndoo  (igi4a,  19146,  1914c,  1915, 
1916,  1917,  1918,  1920),  for  some  inscrutable  reason,  finds 
olfactory  organs  on  nearly  all  parts  of  the  body,  except 
the  antennæ,  and  believes  he  has  secured  experimental 
evidence  in  support  of  his  contentions.  Berlese  (1909) 
in  a  remarkably  lucid  account  of  the  olfactory  sensillæ, 
describes  them  as  always  containing  glandular  in  addition 
to  sensor}’  cellular  elements.  He  calls  attention  to  the 
earlier  papers  of  Erichson  (1847)  and  Saulcy  (1891),  who 
found  the  antennæ  of  insects  to  be  covered  with  a  thin 
film  of  liquid.  According  to  Berlese,  this  film  is  the 
secretion  of  the  glandular  elements  and  forms  with  the 
alfactory  substance  a  solution  which  acts  on  the  termina¬ 
tions  of  the  sense  cells.  It  is,  indeed,  difficult  to  conceive 
how  olfaction  can  occur  without  such  a  solvent.  But 
other  investigators  (Hauser  (1880),  vom  Rath  (1894), 
Rohler  (1905),  Vogel  (1911),  Hochreuter  (1912),  Deegener 
(1912),  Demoll  (1917),  Mclndoo,  etc)  interpret  Berlese's 
glandular  elements  as  sense-cells  and  say  very  little  or 
nothing  about  an  olfactory  liquid  or  its  source  In  an 
excellent  review  of  the  insect  sense-organs,  Snodgrass 
(1926)  comments  as  follows  on  the  matter  :  “  The  chief 
objection  to  the  idea  that  a  liquid  exudes  upon  the  surfaces 
of  sense  organs  is  the  lack  of  any  observations  on  the 
presence  of  such  a  liquid.  Yet,  the  vacuole  which 


surrounds  the  distal  processes  of  the  sense  cells  in  many 
organs  that  have  been  regarded  as  chemoreceptive, 
suggests  a  possible  source  of  a  solvent  liquid.  Though 
Berlese’s  attempt  to  show  that  one  of  the  elements  of 
the  insect  sensillum  {sic)  is  always  a  gland  cell  has  not 
been  generally  accepted,  it  is  not  unreasonable  to  suppose 
that  one  of  the  cells  might  take  on  a  secretive  function 
in  certain  organs.  1  he  cell  which  contains  the  vacuole, 
when  a  vacuole  is  present,  however,  is  the  basal  enveloping 
cell,  wliich  is  the  trichogenous  cell  and  not  a  special  gland 
cell  ”.  In  certain  respects  the  physiological  accounts  are 
more  satisfactory  tlian  the  morphological  and  leave  little 
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doubt  that  the  chemoreceptors  are  widely  distributed 
over  the  antennae,  mouth-parts,  feet,  and  possibly  other 
portions  of  the  integument,  and  that  responses  to  chemical 
substances  either  from  a  distance  or  on  contact  are  far 
and  away  the  most  important  sensory  reactions  of  insects. 
This  is  notably  true  of  the  social  species,  and  numerous 
investigators  have  shown  that  much  of  their  behaviour 
is  determined  by  such  reactions.  In  ants,  bees,  and 
termites,  individual,  caste,  colony,  species  and  nest  odours 
have  been  distinguished  experimentally  by  Forel  (1910), 
Bethe  (1898),  Brun  (1917),  Miss  Fielde  (1904,  19056), 
and  others.  The  odour  of  the  ant-brood,  especially  of 
the  pupae  and  cocoons,  is  clearly  perceptible  even  to  our 
blunt  human  olfactories.  Many  adult  ants  have  an 
intense  odour,  often  quite  unhke  formic  acid,  e.g., 
Acanthomyops,  Crematogaster,  Eciton,  Megaponera, 
many  Pheidole,  Tapinoma,  Atta,  etc.  The  same  is  true 
also  of  bees  and  termites.  The  strong  odours  of 
Meliponinæ  are  often  very  pleasant  ;  some  of  the 
neotropical  Trigonas  smell  hke  cocoanut,  others  like 
lemons,  others  hke  atta  of  roses,  etc.  The  seat  of  the 
odour  of  honeybees  seems  to  have  been  definitely  located 
in  Nassonoff’s  gland  (Sladen,  1902,  von  Frisch,  1923) 
between  the  fifth  and  sixth  abdominal  segments.  In  ants 
the  odour  perhaps  arises  from  the  pecuhar  epinotal  glands 
described  by  Janet  (1898^,  18986)  which  are  present  in 
all  the  castes  and  are  admirably  constructed  for  producing, 
conducting  to  the  exterior  and  volatihzing  odouriferous 
secretions.  Other  glands,  such  as  the  poison,  or  formic 
acid  glands  of  the  Formicinæ  and  the  anal  glands  of 
Dolichoderinæ  (Tapinoma,  Azteca,  etc.)  produce  strongly 
odoriferous  secretions  and,  according  to  Forel,  the  same 
may  be  true  of  certain  glands  in  the  head.  The  fact  that 
odoriferous  substances  are  readily  absorbed  and  retained 
by  fats  has  long  been  known.  Every  housewife  is  familiar 
with  this  property  in  butter  and  from  the  earliest  times 
unguents  have  been  used  as  vehicles  for  perfumes.  Fats 
and  paraffins  are  still  employed  in  “  effleurage  ”,  a 
process  of  extracting  the  perfumes  from  flowers.  The 


SOCIAL  MEDIUM  AND  TROPHALLAXTS  243 

lipoid  coating  on  the  snriaces  of  larval,  pupal  and  adnlt 
ants  and  the  dense  hairy  investment  of  bees  seem  to  be 
particnlarly  well  adapted  to  retaining  both  the  individual 
and  the  adventitious,  or  nest  odours  and  retarding  their 
diffusion  d 

1  here  is  no  doubt  that  the  glandular  secretions  of  social 
insects  are  emitted  in  greater  volume  at  times  of  excite¬ 
ment,  but  since  even  the  persisting  individual,  caste, 
colony  and  nest  odours  are  important  means  of  recogni¬ 
tion  and  communication,  there  is  no  reason  why  the 
odours  should  not  be  included  with  the  gustatory  stimuli 
as  trophallactic.  In  a  very  interesting  book  von  Frisch 
(1921)  has  recently  shown  that  honeybees  actually  employ 
as  means  of  communication  the  adventitious  odours  of 
nectar  and  pollen  adhering  to  their  bodies.  Nectar-laden 
bees  on  returning  to  the  hive  perform  a  pecuhar  dance 
(“  Rundtanz  ”)  which  attracts  the  attention  of  unemployed 
workers  and  the  same  is  true  of  bees  returning  with  pollen. 
The  latter  perform  a  different  dance  (“  Schwanzeltanz  ’'). 
In  both  cases  the  unemployed  individuals  are  informed  of 
the  kind  of  flowers  that  are  yielding  nectar  and  pollen  in 
abundance  and  stimulated  to  fly  out  in  search  of  them. 
Bees  also  discharge  among  the  flowers  the  odours  of 
Nassonoff’s  gland  and  thus  enable  the  foraging  individuals 


'  According  to  Haupt  (1922)  "  it  would  seem  that  both  nectar  and 
ambrosia  denote  fragrant  fat,  especially  the  nidorous  smell  of  the 
sacrifices  ascending  to  heaven.  The  fragrant  steam  of  a  burning 
sacrifice  was  the  nourishment  of  the  gods  ".  The  ancient  Hebrews 
had  the  same  notion  about  Javeh,  and  the  "  personal  ”  God  of  the 
Christians  still  receives  incense.  Haupt  regards  the  ambrosia  used 
in  anointing  and  shampooing  the  Homeric  heroes  (Iliad,  XVI.,  670  and 
680,  XIV.,  170)  as  a  "  scented  massage  cream  ”.  “  The  ancients  had 

no  scents  dissolved  in  alcohol  but  perfumed  greases,  solid  or  liquid 
fats,  charged  with  odours  ”.  That  smelling  and  drinking  may  become 
synonymous  is  clear  from  the  saying  quoted  by  Haupt  from  Ben 
Johnson  ("  the  most  divine  tobacco  I  ever  drunk  ”  )  and  the  Arab 
expression  "to  drink  smoke"  instead  of  “to  smoke  tobacco". 
Sunamitism  is  also  interesting  in  this  connection.  Henning  (1916) 
says  :  "  The  belief  that  the  breath  and  perspiration  of  voung  human 
beings  have  a  tendency  to  prolong  the  lives  of  the  aged  is  well  known 
from  the  relations  of  David  to  Abisag  of  Sunem  (Kings  1.  1-4).  This 
magical  superstition  propagated  its  waves  down  to  our  own  time  and 
IS  responsible  for  many  curiosities  (J.  H.  Cohausen,  Von  der  seltenen 
Art  sein  I.eben  durch  das  Anhauchen  jiingerer  Madchen  bis  auf  115 
Jahr  zu  verliingern.  Stuttgart,  1847)  ". 
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to  direct  their  flight  more  readily.  The  late  F.  W.  L. 
Sladen,  a  well-known  authority  on  Bombinæ,  once  showed 
me  in  Canada  how  the  males  of  some  of  our  humblebees 
find  the  virgin  females.  The  latter  fly  into  the  recesses 
between  the  roots  of  large  trees  and  there  discharge  a 
peculiar  and  even  to  the  human  olfactories  distinctly 
perceptible  odour,  which  is  so  heavy  and  diffuses  so 
slowly  that  the  males  are  able  to  follow  the  scent  from 
tree  to  tree  and  thus  overtake  their  mates.  Similar 
behaviour  is  also  exhibited  by  the  males  and  females  of 
solitary  bees,  with  the  substitution  of  flowers  or  foliage 
as  places  of  deposition  of  the  odour  instead  of  the  recesses 
of  tree-trunks.  Every  collector  of  female  Andrenas  must 
be  familiar  with  their  powerful  odours,  which  apparently 
emanate  from  the  large  glands  of  the  facial  foveas  to  which 
I  referred  in  a  former  lecture. 

I  admit  that  in  my  paper  of  1918  I  failed  adequately 
to  emphasize  the  rôle  of  olfaction  in  the  reciprocal 
behaviour  of  the  social  insects.  It  would  seem,  however, 
from  the  foregoing  discussion  that  the  question  as  to 
whether  an  ant  or  bee  smells  or  tastes  its  food,  a  larva, 
pupa  or  another  ant  or  bee  with  its  antennæ,  is  largely 
academic,  or  at  any  rate  of  no  very  great  ph}'siological 
significance.  Since  the  words  “  taste  ”  and  “  smell  ”  are 
charged  with  anthropomorphism  and  the  stimuli  in  both 
cases  are  chemical,  it  would  be  better  to  use  the  word 
“  chemorecept  ”.  And  since,  moreover,  the  food  stimuli 
are  necessarity  chemical,  I  can  see  no  reason  to  change  the 
term  “  trophallaxis  ”  because  it  happens  that  much  of 
the  behaviour  of  social  insects  is  what  we  have  been 
calling  “  olfactory  ”.  Nor  is  the  fact  that  some  of  this 
behaviour  depends  on  stimuli  other  than  food  a  valid 
argument  against  trophallaxis,  since  I  have  never  asserted 
that  it  includes  all  the  social  activities.  I  believe,  never¬ 
theless,  that  it  constitutes  the  most  essential  characteristic 
of  the  social  medium.  If  we  compare  the  distribution  of 
food  in  the  colony  regarded  as  a  superorganism  with  the 
circulating  blood  current  (“  internal  medium  ")  in  the 
individual  insect  or  Vertebrate,  trophallaxis,  as  the 
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reciprocal  exchange  of  food  between  the  individuals  of 
the  colony,  ma}-  be  compared  with  the  chemical  exchanges 
between  the  tissue  elements  and  the  blood  and  between 
the  various  cells  themselves.  As  stated  in  the  passages 
quoted  from  Child  (p.  231)  this  process  necessarily 
involves  not  only  the  transportation  and  distribution  of 
nutritive  materials  but  also  the  transmission  of  stimuli, 
or  excitations  among  the  living  elements.  And  inasmuch 
as  the  diverse  alien  organisms  that  have  taken  up  their 
abode  in  the  nests  of  social  insects  in  many  cases  really 
constitute  integral  parts  of  the  colony,  much  as  some  of 
our  domestic  animals  form  integral  parts  of  human 
society,  the  guests  and  parasites  of  the  social  insects  are 
also  to  be  included  in  the  trophallactic  circuit.’  The  facts 
and  arguments  that  support  this  statement  will  be 
presented  in  the  two  following  lectures. 


'  Cf.  De  Grange  (1923)  :  “  Sociological  phenomena  are  never 

exclusively  human.  Lower  animals  were  often  an  integral  part  of  the 
primitive  group.  The  dog,  e.g.,  was  in  no  sense  a  competitor  of  the 
savage,  subjugated  by  cunning  or  force,  nor  a  mere  object  of  luxury, 
but  a  veritable  ally,  a  socius 


X 


THE  EVOLUTION  OF  THE  GUESTS  AND 
PARASITES  OF  THE  SOCIAL  INSECTS 

The  singular  success  of  the  social  insects  in  creating  for 
themselves  a  peculiar  medium  has  exposed  them  to  the 
invasion  of  a  host  of  greedy  guests  and  parasites,  which 
it  is  now  our  task  to  consider.  Nearly  all  of  these 
intruders  are  Arthropods,  and  the  great  majority  are 
Hexapods  belonging  to  the  most  diverse  famihes  and 
orders.  Why  so  many  ahen  species  should  come  to  live 
in  the  nests  or  trophoporic  fields  surrounding  them  is 
obvious  when  we  think  of  the  many  attractions  and 
opportunities  afforded  by  the  social  medium.  In  the  first 
place,  the  galleries  and  chambers  of  the  nests  furnish  very 
convenient  hiding  places  and  are,  moreover,  owing  to  the 
congestion  of  their  population  and  especially  during  cold 
weather,  of  a  somewhat  higher  temperature  than  the 
surroundings.  Secondly,  the  refuse,  the  weak  and  dying 
or  even  the  able-bodied  w^orkers,  and  particularly  the 
inert  and  defenceless  larvæ  and  pupae  represent  an 
abundant  supply  of  food.  And  thirdly,  since  the  social 
insects  have  a  more  or  less  pronounced  tendency  to  repel 
aggressive  enemies  of  all  kinds,  all  small  organisms  that 
can  elude  the  hostility  of  the  owners  of  the  nests  may 
share  in  the  general  protection.  The  disadvantages  are 
less  obvious,  but  they  are  real  nevertheless,  because  the 
workers,  even  of  the  same  nest,  often  vary  considerably  in 
their  toleration  of  intruders.  And  even  when  most  of 
the  workers  of  a  colony  are  willing  to  tolerate  or  adopt  a 
strange  insect,  the  latter  may  be  eventually  ejected  or 
destroyed  if  there  be  present  only  a  few  persistently 
hostile  and  intolerant  workers,  since  they  must  sooner  or 
later  come  in  contact  with  the  intruder.  Hence  unanimous 
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toleration  or  adoj^tion  on  the  part  of  the  colony  lias  to 
be  secured  by  any  insect  if  it  is  to  become  a  regular  guest, 
and  this  is  more  difficult  than  would  be  supposed.  It  is 
therefore  surprising  to  find  so  great  a  number  of  satellites 
in  the  nests  of  all  the  various  groups  of  social  insects.  We 
can  most  naturally  divide  all  these  creatures  into  two 
groups,  namely,  other  social  insects  (social  parasites), 
and  sporadic,  solitary,  non-social  species.  The  latter  I 
shall  discuss  here  and  devote  the  next  lecture  to  a 
consideration  of  the  various  social  intruders. 

The  attraction  exerted  on  alien  insects  by  the  colonies 
of  the  social  species  is  interesting  also  in  connection  with 
certain  matters  to  which  Cuenot  (1911)  has  called  attention. 
He  was  of  the  opinion  that  uninhabited  areas,  the  ”  places 
vides  ”  as  he  called  them,  tend  to  attract  faunal  elements 
more  strongly  than  areas  already  stocked  with  organisms. 
But  Rabaud  (1911,  1917,  1922a)  and  Picard  (1919)  have 
shown,  on  the  contrary,  that  the  more  densely  inhabited 
an  area,  the  more  it  tends  to  attract  additional  species, 
whereas  the  “  places  vides  ”  exert  no  such  attraction  and 
often  remain  for  indefinite  periods  altogether  uninhabited. 
Since  the  nests  of  the  social  insects,  though  among  the 
most  densely  inhabited  areas  in  nature,  nevertheless 
constantly  tend  to  withdraw  and  retain  additional  alien 
inhabitants  from  the  general  environment,  they  may  be 
cited  as  a  striking  confirmation  of  the  truth  of  Rabaud’s 
and  Picard’s  contention. 

It  is  by  no  means  easy  to  classify  the  Arthropod 
invaders  of  tlie  social  medium.  Perhaps  the  most 
convenient  general  grouping  would  be  into  sphecophiles, 
melittophiles,  m3amecophiles  and  termitophiles,  according 
as  they  are  associated  with  the  wasps,  bees,  ants  or 
termites.  We  might  also  classify  them  according  to  the 
types  of  relationship  which  they  have  developed  towards 
their  hosts.  Wasmann,  after  many  years  of  painstaking 
investigation,  has  adopted  the  following  five  categories  ; 

(i)  Synechthrans,  or  predators,  i.e.,  species  which  prey 
on  the  social  insects  or  their  brood  and  are  not,  as  a  rule, 
tolerated  but  persecuted. 
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(2)  Synœketes,  or  commensals  and  scavengers,  which 
are  ignored  or  indifferently  tolerated.  They  are  evidently 
either  odourless  or  possess  neutral  odours  which  fail  to 
arouse  the  curiosity  or  animosity  of  their  hosts. 

(3)  Trophobionts,  or  insects  such  as  the  Aphids,  Coccids, 
Membracids,  etc.,  which  excrete  honey-dew,  and  the 
larvae  of  certain  Lepidoptera  (Lycænidæ),  which  produce 
sweet  secretions,  and  may  therefore  be  attended  or  even 
cherished  by  their  hosts.  These  trophobionts  hve  mostly 
outside  the  nests  in  the  trophoporic  field,  but  may 
occasionally  occur  within  the  nests  (on  the  roots  of  plants, 
on  the  lower  surfaces  of  stones,  etc.). 

(4)  Symphiles,  or  true  guests,  which  have  estabhshed 
the  most  intimate  and  amicable  relations  with  their  hosts 
and  exhibit  special  structural  adaptations  (trichomes, 
exudatoria,  etc.)  to  their  pecuhar  mode  of  fife. 

(5)  Parasites  {sensu  strictiore),  which  live  either  on  or 
in  the  individual  social  insect  and  may  therefore  be 
classified  as  external  or  internal. 

In  general  Wasmann’s  groups  represent  categories  of 
increasing  intimacy  of  the  intruder  with  the  host.  The 
symphiles  and  parasites  have  evidently  been  developed 
from  synechthrans  or  synœketes,  and  in  so  far  as  they  are 
Hexapods,  the  parasites  are  mostly  parasitoids  in  the 
sense  assigned  to  that  word  in  an  earher  lecture.  Although 
Wasmann's  classification  is  the  best  hitherto  devised,  it 
can  hardly  be  regarded  as  altogether  satisfactory  or 
definitive.  Not  only  do  some  forms  exhibit  the 
distinctive  behaviour  of  different  categories  in  their  larval 
and  adult  stages,  but  several  combine  the  behaviour 
characteristic  of  more  than  one  categor}'  in  a  single  stage 
of  their  life-history.  StiU  others  exhibit  such  aberrant 
behaviour  that  it  is  difficult  to  place  them  in  any  of 
Wasmann’s  categories.  At  least  one  of  the  categories, 
that  of  the  symphiles,  occurs  only  among  the  myrmeco- 
philes  and  termitophiles,  and  though  bees  and  wasps  may 
feed  on  the  honey-dew  of  Aphids  and  Coccids,  this 
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excretion  is  very  rarely  solicited  directly.'  Hence  the 
sphecophiles  and  melittopliiles  are  all  either  predators  or 
parasitoids  which  attack  the  brood,  or  scavengers 
(synœketes)  which  feed  on  the  materials  of  the  nest  or  on 
refuse.  Certainl}^  the  most  interesting  and  far  and 
away  the  most  numerous  intruders  live  with  the  ants  and 
termites.  Unfortunately  no  one  has  endeavoured  to 
treat  the  sphecophiles  and  melittophiles  comprehensively, 
but  enough  is  known  about  them  to  make  it  certain  that 
any  3'oung  investigator  who  is  willing  to  devote  the  same 
patient  stud}'’  to  them  that  Wasmann,  Donisthorpe, 
Silvestri,  Mann,  Reichensperger  and  others  have  devoted 
to  the  guests  of  ants  and  termites,  will  be  amply  rewarded 
for  his  pains.  As  I  shall  have  to  give  considerable 
attention  to  the  m\Tmecophiles  and  termitophiles  in  this 
lecture,  my  account  of  the  guests  of  wasps  and  bees  will 
have  to  be  brief. 

The  sphecophiles  belong  to  several  orders,  one  of  the 
most  singular  of  which,  the  Strepsiptera,  comprises 
internal  parasites  of  both  solitary  and  social  Vespids. 
In  North  America  the  sohtary  species  of  Odynerus, 
Eumenes  and  Zethus  are  occasionally  stylopized  by  a 
pecuhar  genus,  which  is  now  being  studied  by  one  of  my 
students.  Dr.  George  Salt.  The  species  of  Xenos,  both  in 
Europe  and  North  America,  are  peculiar  to  the  social 
wasps  of  the  genus  Polistes.  Occasionally  as  many  as 
25  per  cent,  of  the  w’asps  in  a  given  locaht}',  may  be 
infested  by  these  Strepsiptera  (see  Wheeler  1910^). 
According  to  Roubaud  (1924),  the  African  social  wasps 
of  the  genus  Belonogaster  are  only  rarely  stylopized, 
evidently  by  some  peculiar  Strepsipteran  genus.  Other 
singular  sphecophiles  related  to  the  Strepsiptera  belong  to 
the  Coleopteran  family  Rhipiphoridæ,  of  which  Chobaut 
(1891)  described  one  species,  Emenadia  flahellata,  as 
feeding  in  the  larval  stage  on  the  brood  of  Odynerus 
simulator,  and  Chapman  (1870),  Murray  (1870)  and  others 
have  described  the  very  similar  development  of  Metoecus 

'  Belt  (1874)  gives  an  account  of  a  Nicaraguan  wasp  which  attends 
plantlice  and  solicits  their  honey-dew  in  the  same  manner  as  ants. 
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Payadoxus  in  the  nests  of  Vespa.  There  are  also  several 
pecuhar  Hymenopterous  sphecophiles.  The  parasitism 
of  Trigonalids  on  the  larvae  of  various  wasps  was  mentioned 
in  my  second  lecture,  and  Bequaert  has  recently  taken  an 
interesting  Chalcidid,  Pohstomorpha,  in  the  nests  of 
certain  Polybiine  wasps  in  Honduras.  E.  André,  who 
pubhshed  a  valuable  review  of  the  European  sphecophiles 
as  early  as  i88i,  cites  the  Ichneumonid  Tryphon  vesparum 
as  a  weU-known  parasite  of  Vespa  germanica  and  vulgaris, 
and  several  other  species  [Crypturus  argiolus,  Mesostenus 
gladiator  and  Ephialites  extensor)  as  parasitizing  the  larvae 
of  Polistes.  Mutilla  hrutia  and  littoralis  also  invade  the 
nests  of  the  latter  wasp.  Brauer  (1869)  records  the 
Neuropteron  Trichosceha,  which  is  allied  to  Mantispa, 
as  developing  in  the  nests  of  a  South  American  honey¬ 
storing  Polybia.  The  larvae  of  a  small  Tineid  moth, 
Melissoblaptes  anellus,  is  known  to  destroy  the  nest- 
materials  of  Vespa.  Among  the  Diptera,  there  are  at 
least  three  remarkable  groups  of  sphecophiles,  namely, 
various  species  of  Volucella  {zonaria,  inanis,  etc.)  some  of 
which  were  long  ago  exhaustively  studied  by  Kiinckel- 
d’Herculais  (1869,  1870,  1875-81,  1895),  certain  species  of 
Conopidae  and  of  the  Tachinid  genus  Anacamptomyia. 
Roubaud  (1924)  has  published  a  beautiful  and  suggestive 
paper  on  this  last  genus,  which  comprises  internal 
parasites  of  Belonogaster  larvae.  Various  authors  have 
called  attention  to  a  number  of  beetles  which  are  either 
predators,  like  the  Staphylinid  Quedius  dilatatus  in  nests 
of  European  Vespæ  and  Triacrus  stiperbus  in  nests  of 
Polybia  vicina  in  Brazil  (Wasmann,  1904),  or  merely 
scavengers  living  in  the  refuse  of  the  nest  (small  species 
of  Staphylinidae,  Cryptophagidae,  Dermestidae,  Phoridae, 
etc.).  The  larvae  of  the  Syrphid  Microdon,  though  more 
frequently  associated  with  ants,  have  also  been  found  in 
Vespa  nests. 

No  less  multiform  are  the  mehttophiles,  which  are 
associated  with  all  the  groups  of  social  bees,  except, 
perhaps,  the  South  African  species  of  Allodape.  The 
Halictinæ,  which,  as  we  have  seen,  nest  gregariously,  are 
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infested  by  many  jnirasites  and  scavengers  (flies,  beetles, 
Mutillids,  etc.)  as  Melander  and  Brues  (1903)  have  shown 
in  the  case  of  Nortli  American  ChlorolicUis  pruinosus.  The 
Bombinæ  have  long  been  known  to  be  parasitized  by 
Mutillids,  Conopids,  Tachinids,  Meloids  and  the  peculiar 
nematode  worm  Sphaendaria  bombi,  which  has  been 
studied  by  Réaumur  (1742),  von  Siebold  (1836),  Lubbock 
(1861),  Schneider  (1883, 1885),  Leuckhart  (i887),Dimmock 
(1886)  and  Frison  (1926).  Their  waxen  cells  are  devoured 
by  the  larvae  of  moths,  Aphomia  colonella  (Hase,  1926)  in 
Europe  and  Vitula  edmondsi  in  North  America  (Packard, 
1865,  Frison,  1926),  while  the  refuse  of  the  nest  is  eaten 
by  the  larvae  of  beetles  of  the  genus  Antherophagus 
[pallens,  silaceus,  ochraceus,  etc.),  which  in  the  adult 
stage,  visit  flowers  and  there  attach  themselves  to  the 
legs  or  antennae  of  the  bees  so  that  they  can  be  carried 
into  the  nests  (see  Wheeler,  1919c,  Frison,  1926).  The 
genus  Volucella  furnishes  a  remarkable  series  of  bumblebee 
brood  parasites,  which  are  often  coloured  like  their  hosts. 
They  are  common  in  Europe,  but  nothing  has  as  yet  been 
written  on  the  habits  of  our  American  species.  In  1924, 
Gabritchevsky  published  an  interesting  paper  on  the 
genetics  and  mimicry  of  V.  bombylans,  hœnwrrhoidalis , 
Pava,  plumata  and  caucasica.  He  finds  that  these  five 
forms  are  merely  varieties  of  a  single  species,  since  they 
hybridize  readily  and  produce  offspring  in  Mendelian 
proportions.  The  same  investigator  has  more  recently 
(1926)  studied  our  North  American  forms  of  Volucella 
bombylans  and  finds  that  they  show  striking  colour- 
resemblances  to  the  various  species  of  bumblebees  of  the 
same  geographical  areas.  Even  the  Meliponine  bees  have 
their  pecuhar  guests.  Wasmann  (1904)  has  recorded  a 
predaceous  Staphylinid,  Belonuchus  mordens,  and  four 
species  of  the  Silphid  genus  Scotocryptus,  taken  by  Goeldi 
in  the  nests  of  some  six  species  of  Melipona  in  Brazil, 
and  a  Silvanid  beetle,  Kansibius  clavicornis  and  its  larvæ 
as  living  in  a  nest  of  Trigona  ruficrus.  Quite  a  number  of 
insects  have  long  been  known  to  infest  honeybees  (see 
Assmus,  1865).  The  most  famous  are  the  common 
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wax-moth,  Galleria  melonella  (Phillips,  1907,  Hase,  1926), 
which  destroys  the  combs,  the  Clerid  beetle,  Trichodes 
apiarius,  and  certain  species  of  Meloe  which  in  Europe 
prey  on  the  brood,  the  tiny,  wingless  and  aberrant 
Dipteron,  Branla  cæca,  the  “  bee  louse  ” ,  which  is  an 
ectoparasite,  and  Mermts  albicans  which  is  an  ento- 
parasite,  of  individual  bees.  Of  course,  the  bacteria, 
moulds,  and  Microsporidia,  to  which  various  well-known 
bee-diseases  are  due,  should  also  be  included  among  the 
parasites  of  the  Apinæ  (see  White,  1906).  "  Isle  of  Wight 

disease  ”  has  been  shown  by  Rennie,  Harvey  and  White 
(1921)  to  be  caused  by  a  minute  mite  {Tarsonemus  woodi) 
which  enters  the  thoracic  spiracles  of  the  bee  and  repro¬ 
duces  in  the  trunks  and  larger  branches  of  the  trachæ. 
The  mite,  feeding  on  the  tracheal  walls,  renders  the  bee 
useless  as  a  working  unit,  “  disorganizes  the  social  system 
and  eventually  shortens  the  bee's  life.  Further,  these 
vital  effects  are  accompanied  by  pathological  conditions 
in  the  tissues.  The  most  obvious  of  these  is  a  blackening 
and  thickening  of  the  tracheal  waU.  The  thickened 
trachæ  become  progressively  hardened  and  brittle  in 
texture,  and  certain  muscle  fibres  become  atrophied  ”. 

The  number  of  myrmecophiles  seems  to  be  very  great. 
At  least  2,000  species  have  been  described  up  to  the 
present  time  and  careful  scrutiny  of  ant  colonies,  especially 
in  the  tropics,  is  continually  bringing  to  light  new  and 
remarkable  forms.  Although  the  order  Coleoptera  con¬ 
tributes  most  of  the  species,  nearly  every  order  of  insects 
and  several  of  other  classes  of  Arthropoda  are  represented. 
The  behaviour  of  these  organisms  is  so  unusual  that  whole 
volumes  would  be  required  for  their  adequate  description. 
Here  I  can  present  only  some  selected  examples  to  show 
the  diversity  of  relations  which  they  bear  to  their  hosts. 
The  synechthrans  or  persecuted  intruders  are  mostly 
Staphylinid  beetles  which  lurk  in  tlie  less  frequented 
galleries  of  the  nests,  avoiding  contact  with  the  ants  as 
much  as  possible  and  preying  on  the  brood  or  enfeebled 
adults.  As  this  category  is  of  no  unusual  interest  I  will 
cite  only  a  single  example,  a  rather  common  beetle  in  the 
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nests  of  our  North  American  Formica  exsectoxdes, 
Megastiliciis  formicarins,  which  somewhat  resembles  its 
host  in  coloration  and  form.  When  confined  with  the 
ants  in  an  artificial  nest,  it  is  invariably  killed  within  a 
few  hours,  but  in  the  natural  nests  it  adroitly  eludes  its 
host  in  the  same  manner  as  the  European  species  of 
I\l3’nnedonia,  for  when  an  ant  tries  to  seize  it,  it  raises  the 
flexible  tip  of  its  abdomen  and  emits  a  whitish  fluid, 
which  causes  the  ant  to  start  back  as  if  a  flask  of  ammonia 
had  been  suddenly  uncorked  in  its  face,  a  manoeuvre 
which,  of  course,  gives  the  beetle  time  to  escape. 

A  ver\'  large  proportion  of  the  myrmcophiles  are 
s\’nœketes,  or  tolerated  inquilines,  but  in  behaviour  they 
are  so  diverse  as  to  defy  classification  and  in  some  cases 
merge  into  the  group  of  s\’mphiles.  Many  belong  to  a 
group  which  I  have  called  neutral  synoeketes,  because 
they  live  quite  unnoticed  by  the  ants  on  the  refuse  or 
nest  materials.  Tj^pical  examples  are  the  small  white 
panm3’rmecophilous  Podurans  of  the  genus  Cyphodeira, 
the  slow-moving,  snow-\vhite  European  Isopod,  Platyar 
thrus  hoffmannseggi,  many  small  beetles,  mites,  Phoridæ, 
Lepidopteran  and  Dipteran  larvae  and  the  singular  larvae 
of  IMicrodon.  The  food  of  the  Microdon  larvae  long 
remained  unknown  till  Donisthorpe  (1912,  ig2ia)  showed 
that  it  consists  of  the  small  pellets  ("  boulets  de  netto- 
3"ages  ”)  cast  out  of  their  infrabuccal  pockets  by  the  ants. 
l\Iore  recent^  Borgmeier  (1923)  has  found  that  the  larvae 
of  a  Brazilian  species  actually  devours  the  larvae  of  its 
host,  the  common  fire  ant,  Solenopsis  sœvissima.  The 
moth  Wurthia  attrivillei,  which  Kemner  (1923)  describes 
as  living  in  the  silken  walls  of  the  nests  of  Polyrhachis 
bicolor  in  Java  and  regards  as  representing  a  new  type  of 
myrmecophily,  “  hyphænos3'mphily  ”,  is  clearly  a 
S3mœkete  like  so  many  other  Tineidæ.  Among  the 
s3'noeketes  must  also  be  included  a  large  number  of 
Staphylinid  and  Histerid  guests  of  the  I)or3’line  ants, 
Eciton  in  the  New  and  Dor3dus  in  the  Old  World  tropics 
(Wasmann,  igioa,  1915c,  etc.).  These  beetles  probably 
devour  portions  of  the  prey  collected  by  their  hosts  and 
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carried  into  their  temporary  nests.  Some  of  the 
Staphylinids  are  supposed  by  Wasmann  to  be  protected 
from  their  hosts  by  their  ant-like  form  and  the  peculiar 
texture  of  their  integument,  which  closely  resembles  that 
of  the  Dorylinæ,  others  by  their  broad,  convex  bodies 
and  hard  or  slippery  surfaces.  Another  group  comprises 
the  myrmecocleptics,  the  best  examples  of  which  are  the 
many  species  of  the  Thysanuran  genus  Atelura,  of  world¬ 
wide  distribution.  Atelura  forniicaria  (Fig.  6i),  first 
observed  by  Janet  (1896),  might  be  regarded  as  a 
synechthran,  since  it  is  sometimes  threatened  by  the 
ants  which  are  unable  to  hold  it  fast  on  account  of  its 
slippery  integument  and  rapidly  tapering  abdomen.  It 
moves  cautiously  about  among  the  ants  {Lasius  niixtus) 
and  snaps  up  the  droplets  of  food  while  they  are  being 
regurgitated  by  one  ant  to  another.  An  even  more 
interesting  myrmecocleptic  is  the  larva  of  a  small  Phorid 
fly,  Metopina  pachycondylce,  which  I  observed  in  Texas 
(1901a)  in  the  nests  of  the  Ponerine  Pachycondyla 
montezumia.  The  larva  of  this  ant  is  fed  by  its  worker 
nurses  with  fragments  of  insects  placed  on  the  broad, 
dish-like  ventral  surface  of  its  abdomen  and  the  Metopina 
larva,  which  encircles  the  neck  of  the  ant-larva  hke  an 
Elizabethan  collar,  reaches  forward  with  its  head  and 
partakes  of  the  feast.  When  both  ant -larva  and  com¬ 
mensal  are  fuU-grown,  the  former  spins  a  cocoon  and 
within  it  the  latter  forms  its  pupariurn  at  the  posterior 
pole.  The  adult  ant  emerges  first,  leaving  at  the  anterior 
end  of  the  cocoon  an  opening  through  which  the  fl}^  can 
escape. 

Finally  there  is  a  group  of  synœketes  which  spend  much 
of  their  time  licking  or  nibbling  at  the  surfaces  of  the 
adult  ants  and  evidently  deriving  some  nutriment  from 
the  secretions  or  exudates  covering  their  bodies.  The 
nearly  blind  crickets  (Fig.  62)  of  the  genus  M3umecophila 
(Wheeler  (19006),  Wasmann  (1901),  Schimmer  (1909, 
1910))  and  the  Staphylinid  beetle  Oxysoma  oberthiiri 
(Fig.  63)  of  North  Africa  (Escherich,  1902)  belong  to  this 
group  ;  also  the  small  subapterous  roaches  of  the  genus 
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Attaphila  which  live  in  the  fungus  gardens  of  the  leaf- 
cutting  Attini.  I  described  the  type  of  the  genws,  Attaphila 
fungicola,  from  the  nests  of  Atta  texana  in  1900  and  have 
recently  taken  the  same  species  in  British  Cluiana  in  the 
fungus  gardens  of  A.  cephalotes  and  in  those  of 
Acromyrmex  octospiuosns  in  Panama.  In  the  meantime 
a  few  other  species  of  the  same  genus  have  been  described 
from  the  nests  of  other  Attini  in  South  America.  Shelford 
(1906,  1907)  has  described  an  allied  roach,  Sphecophila 
polyhiarum  from  the  nest  of  Polybiine  wasp,  Polybia 
pygmaca,  in  British  Guiana  and  a  second  species,  S. 
termitium  from  East  African  termitaria. 

In  this  place  I  ma}^  also  consider  several  peculiar 
synœketes  and  synachthrans  which  have  been  observed 
more  recently  and  are  of  unusual  interest  because  they 
either  live  entirely  outside  the  ant  nests  in  the  trophoporic 
field  or  are  actually  imported  from  the  latter  by  the  ants 
into  the  nest  and  there  exhibit  quite  a  different  type  of 
behaviour.  They  are  the  more  remarkable  because  they 
belong  to  the  orders  Diptera,  Lepidoptera  and  Heter- 
optera,  orders  which  we  should  hardly  expect  to  acquire 
such  specialized  relations  to  ants. 

(i)  Certain  paleotropical  Calliphorinæ  belonging  to  the 
genera  Bengalia  and  Ochromyia  are  known  to  station 
themselves  near  files  of  foraging  or  migrating  ants  and 
to  rob  them  of  their  prey  or  brood.  These  flies  differ 
markedly  from  other  Calliphorinæ  in  the  structure  of  the 
proboscis,  which  is  stiff  and  chitinized,  with  strongly 
toothed  tip,  directed  forward.  The  recorded  observations 
on  these  flies,  which  were  first  stTidied  by  Nangle  (1905) 
in  India  and  E.  E.  Green  in  Ceylon  (1906,  1908)  have  been 
recently  reviewed  by  Bequaert  (1922),  who  has  observed 
them  in  the  Congo.' 

*  The  flies  observed  by  Nangle  and  Green  were  Bengalia  obscuri- 
penvis  and  were  hunting  winged  termites  flying  at  night.  J.  \V. 
Yerbury  saw  the  same  species  “  trying  to  take  her  burden  from  a  largo 
ant  (Lobopclta  species)”.  F.  W.  Thompson  made  the  following 
observation  with  regard  to  the  Indian  B.  jejuna  (Fabricius)  :  "  1 

always  noticed  specimens  of  this  species  on  the  ground,  or  on  a  stone 
or  leaf  near  an  ant’s  nest.  On  watching  1  saw  them  swoop  down 
on  an  ant  carrying  an  ‘  egg  ’  or  larva,  take  it  from  the  ant,  carry  it 
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(2)  Ptilocerus  ochraceus  is  a  very  interesting  Javanese 
Heteropteron,  which  preys  on  the  ants  in  the  trophoporic 
field.  Its  structure  and  behaviour  have  been  described 
by  Kirkaldy  (1911)  and  Jacobson  (igiia).  On  the 
middle  of  its  ventral  surface  it  possesses  a  peculiar  gland 
with  a  flame-coloured  tuft  of  hairs  (trichomes).  Station¬ 
ing  itself  along  the  foraging  file  of  a  common  East  Indian 
ant,  Hypoclinea  bituherciilata,  it  at  once  becomes  alert 
on  the  approach  of  an  ant  and  raises  the  anterior  portion 
of  its  body  so  as  to  display  its  trichomes.  Their  odour 
attracts  the  ant  and  incites  it  to  lick  and  nibble  them. 
The  bug  quietly  submits,  merely  folding  its  forelegs  over 
the  ant’s  head  as  if  to  make  sure  of  its  pre}'.  The  ant 
often  milks  so  avidly  with  its  mandibles  at  the  trichomes 
that  it  moves  the  bug  up  and  down.  But  the  secretion 
of  the  gland  has  a  toxic  and  paralyzing  effect  on  the  ant. 
As  soon  as  the  poor  creature  draws  in  its  legs  and  is  about 
to  topple  over,  the  bug  seizes  it  with  the  forelegs,  nins  its 
proboscis  through  one  of  the  thoracic  sutures  or  preferably 
into  an  antennal  insertion  and  sucks  out  the  contents  of 
its  body.  That  the  paralysis  is  due  to  a  substance 
imbibed  by  the  ant  from  the  gland  and  not  by  a  thrust 
of  the  bug’s  proboscis  is,  according  to  Jacobson,  “  proved 
by  the  fact  that  a  great  number  of  ants,  after  having 


awav  a  short  distance  and  proceed  to  suck  it  ”.  Bengalia  latro  de 
Meijere  in  Java  lurks  in  the  neighbourhood  of  the  column  of  Pheido- 
logeton  diversus  (Jerdon)  ;  when  a  worker  ant  comes  along  carrying 
its  prey,  the  fly  dashes  into  the  moving  ant  column,  quickly  steals  the 
prey  from  the  carrier  and  returns  to  its  perch  where  it  devours  its 
catch  at  leisure  (Jacobson  1910,  de  Meijere  1910).  Lastly,  C.  R.  Dutt, 
in  his  interesting  "  Life  Histories  of  Indian  Insects  ”  (1912),  writes 
of  Monomorium  indiciim  Forel  as  follows  :  "  One  morning  I  observ'ed 
the  inmates  of  a  nest  marching  out  with  young  ones.  Close  to  the 
nest  was  sitting  a  Muscid  fly  {Ochromyia  species)  which  attacked  from 
time  to  time  the  larvae  and  pupæ  which  were  being  carried  by  the 
workers.  The  fly  never  snatched  the  victim  from  the  gr.asp  of  the  ant, 
but  simply  “  licked  ”  it  from  its  place  with  the  proboscis,  which 
when  withdrawn  left  the  larva  or  pupa  quite  shrivelled  up  ”.  The 
African  Bengaliæ  evidentlv  have  much  the  same  habits  as  their 
Indian  congeners.  According  to  W.  A.  Lamborn  (i9i3’  1919),  “ 
galia  depressa  (Walker)  in  Southern  Nigeria,  regularly  follows  the 
marauding  armies  of  Dorylus  nigricans,  to  rob  them  of  their  prey.” 
See  also  Surcouf  and  Guyon  (1912),  Cragg  (1917-1918)  and  Farquharson 

(1919). 
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licked  for  some  time  the  secretion  from  the  trichome, 
leave  the  bug  to  retire  to  some  distance.  But  very  soon 
they  are  overtaken  by  paralysis,  even  if  they  have  not 
been  touched  at  all  by  the  bug’s  proboscis.  In  this  way 
a  much  larger  number  of  ants  is  destroyed  than  actually 
serves  as  food  to  the  bugs,  and  one  must  wonder  at  the 
prohficacy  of  the  ants  which  enables  them  to  stand  such 
a  heavy  draft  on  the  population  of  one  community  ”. 
Both  the  nymphal  and  adult  Ptiloceri  attack  the  ants 
indiscriminately,  and  though  the  bugs  are  local,  they  may 
infest  the  ant-trails  in  considerable  numbers. 

(3)  A  much  more  benign  exploitation  of  the  ants  in  the 
trophoporic  field  is  exhibited  by  the  beautiful  dark- 
coloured,  silver-spangled  paleotropical  mosquitos  of  the 
genus  Harpagomyia.  Their  distribution  and  taxonomy 
have  been  investigated  by  Muir  (1918),  Edwards  (1922) 
and  others,  their  metamorphosis  by  de  Meijere  (1909, 
1911),  and  their  remarkable  behaviour  by  Jacobson 
(1909,  1911^)  in  Java,  James  (1914)  in  Ceylon,  Banks  in 
the  Phihppines  and  Farquharson  (1918,  1922)  in  Nigeria. 
Harpagomyia  breeds  in  the  water-filled  cavities  of  tree 
trunks  and  in  the  same  situations  frequents  the  trails  of 
various  species  of  Crematogaster,  importuning  the  ants 
for  regurgitated  food  and  receiving  it  without  difficulty. 
The  feeding  process  has  been  carefully  described  by 
Jacobson  and  Farquharson.  I  cite  the  latter’s  account  of 
H.  farquharsoni  (1918,  p.  XXXIV).  The  Crematogasters 
while  running  up  and  down  the  tree  trunks  are  constantly 
“  making  httle  regurgitory  exchanges  ”  of  food  with  one 
another  and  it  is  this  trophallactic  behaviour  which  the 
mosquito  exploits.  The  insect  “  hovers  an  inch  or  less 
over  the  line  of  ants  (at  times  resting  on  the  stem  and 
dodging  out  of  the  way  when  necessary),  till  it  sees  what 
is  presumably  a  likely  ant.  If  the  ant  is  running  down¬ 
wards  the  mosquito  drops  down  (in  flight)  also,  keeping  a 
little  in  front  of  the  ant — as  near  as  possible  without 
touching  it.  The  ant  tries  to  evade  it,  but  the  mosquito 
as  a  rule  declines  to  be  put  off,  and  the  ant  at  last  stops. 
The  mosquito  quickly  settles  and  the  usual  rapid  exchange 
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begins,  the  mosquito  thrusting  out  its  proboscis — which 
when  not  in  action  is  carried  bent  under  the  body  much 
hke  the  rostrum  of  a  Reduviid  bug — so  that  the  swoUen 
end  is  practically  within  the  ant’s  jaws.  I  have  seen  the 
ant’s  palpi  {not  the  antennae)  vibrating  on  it.  The 
swollen  portion  of  the  proboscis  is  undoubtedly  capable 
of  independent  movement.  I  may  say  that  the  mosquito 
is  not  ‘  nervous  ’,  and  I  have  had  no  difficulty  in  several 
cases  in  standing  with  my  eyes  sufficiently  close  to  the 
two  insects  to  make  out  the  ant  palpi  and  the  proboscis 
movement  in  the  mosquito.  The  ant  raises  its  head 
slightly  when  the  exchange  takes  place  ”.  Farquharson 
(1918,  1922a)  has  also  described  the  behaviour  of  other 
small  Nigerian  flies  {Milichia  argyratoides,  pr  cedes, 
prosœtes  and  dectes)  which  solicit  and  receive  food  from 
the  ants.  Another  species,  a  Cecidomyid,  F arquharsonia 
rostrata  (CoUin,  1922),  was  seen  flying  over  the  carton 
nests  of  Crematogaster  alligatrix,  approaching  the  ants 
engaged  in  feeding  one  another  and  adroitly  snatching 
portions  of  the  regurgitated  droplets,  thus  exhibiting  a 
type  of  behaviour  like  that  of  the  Atelura  described  by 
Janet. 

(4)  Even  more  extraordinary  is  the  behaviour  of 
other  midges  described  by  Jacobson  (1909)  and  Farquhar¬ 
son  (1918,  1922a).  The  former  observed  a  Milichiid, 
Proscetomilichia  myrmecophila  (de  Meijere,  1909)  which 
runs  about  after  the  ants  {Hypoclinea  hituherculata)  and 
licks  the  tips  of  their  abdomens,  evidently  feeding  on  the 
anal  secretions.  Occasionally  this  fly  was  also  seen  to 
imbibe  the  excretions  (honey  dew)  of  Membracid  nymphs. 
The  fly  observed  by  Farquharson  is  an  Ephydrid, 
Rhynchopsilopa  apicalis  (Collin,  1922).  It  was  first  seen 
(1918)  feeding  at  the  anus  of  dead  Crematogaster  workers, 
but  later  (19226)  Farquharson  observed  it  running  after 
and  licking  the  tips  of  the  abdomens  of  living  ants,  like 
the  Javanese  Prosætomilichia.  Both  observers  describe 
the  ants  as  resenting  the  persistent  and  impudent 
attentions  of  the  midges. 

The  three  following  cases  refer  to  Lepidopteran 
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caterpillars  which  acquire  relations  to  the  ants  after  being 
carried  by  them  into  their  nests  : — 

(5)  F.  P.  Dodd  (1912)  found  that  the  first-stage  larva 
of  a  small  gra}'  Queensland  moth,  Cyclotorna  monocentra, 
is  ectoparasitic  on  a  Jassid  Homopteron  which  feeds  on 
certain  trees  and  is  attended  and  “  milked  ”  by 
Iridomyrmex  sanguineus.  The  ant  carries  the  parasite 
but  not  the  Jassid  into  its  nest.  There  the  former  spins 
a  temporary  cocoon  and  later  emerges  from  it  as  a  peculiar, 
flat,  bright  red,  second  stage  larva,  with  two  long  tails. 
In  this  stage  it  subsists  “  solely  on  the  ant  grubs  by  sucking 
out  their  juices  ”,  but  as  in  the  case  of  Lomechusa  in  the 
nests  of  the  European  Formica  sanguinea,  the  ant  is 
partially  recompensed  for  the  destruction  of  its  brood. 
Dodd  says  :  ”  Reference  has  been  made  to  the  caterpillars 
raising  their  terminal  segments,  even  the  small  ones  from 
the  cocoons  doing  so.  This  was  quite  sufficient  to  warrant 
investigation.  Consequently  at  various  times  I  have 
placed  them  with  ants  and  grubs  under  glass,  in  order 
that  they  could  be  seen  to  advantage  and  without  risk 
of  disturbance.  When  the  anal  parts  are  protuded,  an 
ant  generally  soon  becomes  aware  of  the  fact  and  wiU  be 
seen  to  pay  these  great  attention.  I  soon  noticed  that  a 
hquid,  often  perfectly  transparent  (it  looks  so  on  the 
blue-green  ground,  probably  was  pale  bluish),  is  emitted, 
and  that  it  is  greedily  drunk  up  by  the  ants.  Over  and 
over  gain,  with  and  without  a  lens,  I  have  seen  this  issue, 
and  the  ants  speedily  absorb  it.  Some  ants,  perhaps 
hungry  or  more  enterprising  than  others,  would  take 
in  a  supply  from  a  second  caterpillar.  If  an  ant  is  not 
satisfied  with  the  quantity  given  out,  she  deliberately 
seizes  the  protruding  parts  and  gives  them  a  gentle  nip, 
the  mandibles  can  plainly  be  seen  to  press  upon  the  juicy 
flesh  ;  if  the  hint  is  not  immediately  acted  upon  a  more 
vigorous  squeeze  is  given,  and  the  tails  may  be  gripped 
and  pressed.  This  is  very  comical,  the  ant’s  meaning  is 
unmistakable  and  the  caterpillar  so  thoroughly  under¬ 
stands  it,  too,  for  a  second  hint  never  fails.  This  liquid, 
though  frequently  quite  clear,  isoften  mixed  with  yellowish 
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matter,  and  at  times  some  jelly-like  substance  is  extruded  ; 
the  latter  the  ants  do  not  care  about,  for  after  the  moisture 
is  licked  up  this  is  in  their  way,  and  if  they  have  not  been 
imprisoned  too  long,  will  seize  and  tug  at  it  until  it  comes 
off,  and  carry  it  to  a  spot  set  apart  for  waste  matter, 
such  as  their  own  pellets  and  pupal  skins,  etc.,  are  kept 
in  Dodd  also  observed  the  ants  licking  and  cleaning 
the  caterpillar  and  the  caterpillar  cleaning  the  ants  ! 
When  mature  the  caterpillar  leaves  the  nest,  travels  to 
the  nearest  tree  in  company  with  the  foraging  ants,  spins 
its  cocoon  in  a  crevice  of  the  bark  and  pupates.  In  about 
twenty  days  the  moth  emerges. 

(6)  The  second  caterpillar  is  that  of  Lycœna  arion, 
which  has  been  studied  by  Chapman  (igi5«,  1915^)  and 
Frohawk  (1915)  in  England.  The  butterfly  lays  its  eggs 
on  thyme  and  other  plants.  On  these  the  larva  feeds, 
and  is  often  attended  by  ants  as  it  possesses  a  honey-gland 
like  many  other  larval  Lycænids.  When  it  has  reached 
the  third,  or  last  stage  it  crawls  down  to  the  ground  and 
on  encountering  a  foraging  worker  of  Myrmica  lœvinodis 
or  scabrinodis  hunches  up  the  anterior  segments  of  its 
body  in  a  singular  manner.  Frohawk  interprets  this 
behaviour  as  a  “  signal  ”  which  induces  the  ant  to  seize 
the  caterpillar  and  carry  it  into  the  nest.  Chapman  was 
able  to  observe  that  after  the  caterpillar  was  taken  into 
the  nest  it  fed  on  the  Myrmica  larvae.  During  this  period 
of  its  life  it  was  not  seen  to  yield  the  secretion  of  its  honey- 
gland  but  was  treated  by  the  ants  as  what  Wasmann 
would  call  an  indifferently  tolerated  guest,  or  synoekete. 

In  Argentina  Bruch  (1926)  has  found  that  a  butterfly 
caterpillar,  Hamearis  epitlus  signatus  (Fig.  64),  belonging 
to  the  family  Erycinidæ,  has  habits  resembling  those  of 
Lyccena  avion.  It  feeds  on  the  foliage  of  a  vetcli  (Vida 
gvaminea)  and  is  visited  by  one  of  the  fiercest  South 
American  ants,  Solenopsis  sœvissima  richteri,  which  it 
provides  with  a  greenish  secretion  from  two  glands  (their 
orifices  are  shown  as  white  spots  in  the  figure)  situated  on 
the  eighth  abdominal  segment.  When  full  grown  the 
caterpillar  is  found  in  the  Solenopsis  nest  and  there  passes 
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its  pupal  stage  during  the  winter.  According  to  Bruch, 
the  chrysalis  is  provided  with  certain  papillary  (myrmeco- 
philous)  organs  which  seem  to  preserve  it  from  attack 
b}’  the  ants. 

I  have  dwelt  on  these  cases — and  many  more  might 
have  been  cited — because  they  show  that  the  predators 
and  s^Tiœketes  do  not  necessarily  confine  their  activities 
to  the  nests  and  because  they  illustrate  the  truly  astonish¬ 
ing  diversity  of  methods  employed  in  exploiting  the  normal 
behaviour  of  the  ants.  The  Bengalias  are,  of  course, 
frankly  predatory,  the  Harpagomyias  and  Milichiids 
might  be  designated  as  myrmecocleptics  or  symphiloids, 
the  Ptilocenis  is  predatory,  but  its  narcotic  trichomes 
recall  the  conditions  in  the  true  symphiles,  to  be 
considered  presently.  The  Cyclotorna  is  a  parasite  of  a 
Homopteron  in  its  first  and  a  predatory  symphile  of  the 
ants  in  its  second  larval  instar,  while  the  Lycœna  avion 
caterpillar  is  a  trophobiont  in  its  first  and  a  predatory 
symphile  in  its  later  larval  stage.' 

The  true  guests,  or  symphiles,  comprising  only  some 
three  or  four  hundred  species,  mostly  Coleoptera  (Lome- 
chusini,  Clavigeridæ  (Fig.  65),  Paussidæ  (Fig.  66), 
Histeridas,  etc.)  constitute  the  élite  among  the  myrmeco- 
philes  and  not  only  show  behaviourist ic  adaptations  to 
their  hosts,  like  the  predators  and  synoeketes,  but  also 
singular  structural  adaptations.  These  are,  generally 
speaking,  the  development  of  a  peculiar  red,  oily  integu¬ 
ment,  the  presence  on  various  parts  of  the  body  of  golden- 
yellow  trichomes  and  glands  which  produce  pleasant 
ethereal  secretions,  modifications  of  the  mouth-parts, 
especially  a  reduction  of  the  tongue  and  number  of  palpal 
joints  and  modifications  of  the  antennae,  due  to  a 
fusion  of  their  joints  so  that  they  often  become  clubbed, 

the  literature  on  the  Lycaenid  caterpillars  associated  with  ants 
is  too  extensive  for  citation  in  this  place.  I  cannot  refrain,  however, 
from  referring  to  Lamborn's  important  paper  (1914)  on  the  West 
African  Lycænids  and  other  trophobionts,  because  it  fjresents  such  an 
instructive  picture  of  the  number  and  diversity  of  insects  attended  by 
the  ants  in  a  circumscribed  tropical  area.  See  also  the  interesting 
accounts  by  Dodd  (1902a,  1902^^),  and  Chapman  (1902)  of  Uphvra 
orassolis. 
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and  adapted  to  stroking  the  host  (Clavigeridæ)  or  broad 
and  compacted  so  that  the  ants  can  use  them  as  handles 
by  which  to  drag  or  carry  the  guests  about  in  the  nests 
(Paussidae).  Wasmann  has  made  a  detailed  study  of  the 
European  symphiles  and  especially  of  the  Lomechusini 
(1915a),  but  our  knowledge  of  the  behaviour  of 
tropical  ants  guests  is  still  very  meagred  I  referred  to 
the  Lomechusini  in  a  previous  lecture,  in  connection  with 
the  production  of  pseudogynes  in  colonies  in  which  these 
beetles  breed.  Brief  statements  in  regard  to  Lomechusa 
strumosa  (Fig.  67),  one  of  the  most  typical  and  certainly 
the  best  known  of  symphiles,  may  here  be  added.  In  its 
larval  stage  this  Staphylinid  is  really  a  predatory  parasite 
in  the  nests  of  Formica  sanguinea,  devouring  the  ant 
larvæ.  The  fat  tissue  of  the  Lomechusa  larva  probably 
supphes  the  ants  with  an  agreeable  exudate,  and  the 
adults  certainly  furnish  an  agreeable  secretion  from  their 
abdominal  trichome  glands.  When  the  larvae,  which  are 
evidently  treated  as  if  they  were  ant  larvae,  mature,  they 
are  buried  in  the  soil,  in  the  same  manner  as  the  ant  larvae, 
in  order  that  they  may  pupate.  The  pupae  are  also 
unearthed  like  the  ant  pupae,  after  they  have  spun  their 
cocoons,  but  this  treatment  is  fatal  to  the  parasites  and 
only  those  that  have  been  overlooked  or  forgotten  (?) 
and  left  in  the  soil  are  able  to  develop  into  adult  beetles. 
After  the  greater  part  of  the  ant -brood  has  been  destroyed 
by  the  Lomechusa  larvae,  many  of  the  neglected  queen 
larvae,  as  we  have  seen,  develop  into  pseudog}Ties,  or 
pathological  forms  intermediate  between  workers  and 
queens  and  unable  to  perform  the  functions  of  either  of 
the  castes  which  they  imperfectly  represent.  This  is  in 
its  essential  outlines  the  history  of  Lomechusa  and  I  must 
refer  for  the  details  to  Wasmann’s  many  papers  (see 
bibliography  in  his  papers  of  IQIS'*  ^.nd  1920). 

Lack  of  space  also  prevents  me  from  considering  the 
parasitic  myrmecophiles.  Some  of  the  more  interesting 
of  them,  such  as  the  Eucharidae  and  Mermis,  which  pro¬ 
duce  distinct  structural  modifications  in  their  hosts,  have 
been  described  in  preceding  lectures,  and  many  other 

^  The  reader  will  find  an  excellent  account  of  British  myrmecophiles 
in  Dcjuislhui pe  s  truesis  oj  British  An/s  (1027)- 
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forms,  such  as  the  mites,  parasitic  fungi,  etc.,  are  so 
similar  to  those  which  infest  solitary  insects  that  they 
offer  little  of  interest  for  the  present  discussion.  We  may 
therefore  turn  to  the  termitophiles,  which  may  be  grouped 
very  roughly  in  the  same  categories  as  the  myrmecophiles, 
i.e., as synechthrans, synœketes,  symphiles  and  parasites. 
The  category  of  trophobionts  is  not  represented,  since  the 
termites  have  never  learned  to  solicit  the  saccharine 
excretions  of  Homoptera  and  Lycænid  caterpillars. 

Although  the  termitophiles  have  been  less  studied  than 
the  myrmecophiles,  nevertheless  betw^een  600  and  700 
species  are  known.  At  least  70  per  cent  of  them  are 
Coleoptera  ;  the  remaining  30  per  cent  belonging  to  a 
number  of  insect  orders.  Warren  (1919)  has  drawn  up 
a  table  to  show  the  distribution  of  termitophiles  known 
in  1919.  Since  that  time  some  representatives  of  other 
orders  have  been  added,  notably  Braconid  Hymenoptera, 
of  which  Cushman  (1923)  has  described  two  species  of 
Ypsistocerus  from  Bolivia  and  Brues  (1923a)  a  species  of 
Termitobracon  {T.  emersoni)  from  British  Guiana.  In 
his  hst  Warren  cites  the  number  of  Ethiopian  termito¬ 
philes  (319)  as  greatly  exceeding  that  of  any  other  region, 
but  so  many  species  have  been  recently  discovered  in 
South  and  Central  America  that  we  shall  probably  have 
to  regard  the  neotropical  region  as  possessing  the  largest 
number  of  forms.  I  his  is  true  also  of  other  organisms  ; 
the  exuberance  of  the  insect  fauna,  especially,  of  the 
American  tropics  is  almost  inexhaustible.  Very  few 
termitophiles  are  known  from  the  nests  of  primitive 
termites  (Calotermitidæ),  the  great  majority  having  been 
taken  from  the  very  populous  termitaria  of  the  Termitidæ. 
Similarly  myrmecophiles  are  rare  in  the  small  colonies 
of  the  primitive  subfamilies  of  ants  (Ponerinæ,  Cera- 
pachyinae  and  Pseudomyrminæ)  and  numerous  in  species 
and  in  individuals  only  in  those  of  the  more  specialized 
Dorylinæ,  Myrmicinae,  Dolichoderinas  and  Eormicinæ.  In 
other  words,  the  guests  and  parasites  are  most  readily 
tolerated  and  adopted  in  the  colonies  of  the  most 
highly  socialized  species  of  ants  and  termites — a 


THE  SOCIAL  INSECTS 


264 

suggestive  fact,  which  has  not  been  sufficiently  stressed 
in  the  literature. 

Owing  to  the  fact  that  nearly  aU  the  termites  are 
tropical,  httle  is  actually  known  of  the  behaviour  of  the 
termitophiles.  Living  as  they  do  in  dark,  cool  galleries, 
thronged  with  their  hosts,  they  certainly  have  a  more 
highly  specialized  and  less  diversified  medium  than  the 
myrmecophiles.  In  nearly  all  cases  the  relations  with 
the  hosts  have  been  inferred,  with  more  or  less  probability, 
from  the  structure  of  the  termitophiles  and  not  from 
actual  observations  or  experiments.  Warren  (1919)  has 
so  clearly  summarized  our  present  knowledge  of  these 
relations  that  I  quote  his  remarks  : — 

“  It  is  clear  from  the  condition  of  the  mandibles  that 
many  termitophiles  attack  the  young  of  the  termites  and 
suck  the  fluids  of  the  body,  and  thus  should  the  termito¬ 
philes  in  a  nest  be  numerous,  the  community  would  be 
injured  by  their  presence.  It  is  accordingly  necessary 
that  the  termitophile  should  adopt  some  means  for 
cajoling  the  termite-community,  since  it  is  quite  obvious 
that  no  termitophile  could  withstand  a  combined  attack 
by  a  number  of  soldiers  or  w^orkers.  The  various  means 
adopted  may  be  now  summarized  : 

(1)  By  the  assumption  of  a  simple,  rounded  contoui 
the  body  may  be  rendered  inaccessible  to  easy  attack, 
and  further,  it  may  be  flattened  and  very  smooth.  This 
is  the  defensive  type  (“  Trutztypus  ”)  of  Wasmann. 

(2)  Less  frequently  the  body  is  provided  with  stiff 
bristles,  which  would  render  approach  by  the  termites 
somewhat  troublesome  or  disagreeable. 

(3)  It  is  inherently  probable  that  some  termitophiles 
can  protect  themselves  from  attack  by  the  power  of 
producing  a  scent  which  is  disliked  by  the  termites,  and 
they  accordingly  avoid  the  intniders  as  much  as  possible. 

(4)  On  the  other  hand,  some  termitophiles  are  not 
shunned  in  the  least  by  the  termites,  and  they  live  in  the 
closest  communication  with  them.  These  termitophiles 
may  possess  no  obvious  exudatory  organs,  but  they  may 
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have  well-developed  scent  glands,  and  it  is  to  be  supposed 
that  the  odour  is  pleasing  to  the  termite  community. 

(5)  Other  termitophilcs  are  provided  with  conspicuous 
outgrowths  from  the  body,  and  their  microscopic  stnicture 
indicates  that  fluids  exude  from  them.  From  analogy 
with  myrmecophiles  it  is  certain  that  these  fluids  eitliei 
evaporate  and  form  an  agreeable  perfume  or  are  licked 
up  by  the  termites. 

(6)  In  a  few  cases  the  bodies  of  termitophiles  carry 
clusters  of  bright  yellow  hairs.  Such  yellow  hairs  are 
frequently  present  on  myrmecophiles,  and  the  ants  of  the 
nest  have  been  seen  to  lick  them  with  great  assiduity. 
Dr.  Brauns  has  drawn  my  attention  to  the  occasional 
occurrence  of  these  hairs  in  termitophiles,  and  we  may 
suppose  that  they  have  a  similar  attraction  to  the 
termites. 

(7)  Sometimes  the  bodies  of  termitophiles  are  greatly 
inflated,  or  physogastric,  as  it  is  called,  and  there  may 
result  a  marked  mimicry  of  the  young  or  adult  termites. 
This  general  resemblance  to  the  termites  would  assist  in 
rendering  the  termitophiles  less  liable  to  attack  ;  but  it  is 
doubtful  if  the  origin  of  physogastrism  is  to  be  explained 
wholly  on  these  lines.” 

It  is  obvious  that  the  course  of  termitophile  evolution 
parallels  that  of  the  myrmecophiles.  In  both  cases  there 
is  the  same  origin  from  synechthrans  and  synœketes, 
which,  as  they  become  more  intimate  with  their  hosts, 
gradually  take  on  the  peculiar  characters  of  symphiles. 
Warren  does  not  consider  the  internal  and  external 
parasites  or  the  important  symbiotic  protozoa  mentioned 
in  a  previous  lecture.  He  calls  attention,  however,  to 
the  interesting  fact  that  the  peculiar  adaptive  modifica¬ 
tions  in  all  seven  of  his  termitophile  categories  are  met 
with  as  independent  lines  of  development  in  each  of  the 
termite  regions  in  which  the  guests  have  been  adequately 
studied,  namely,  the  Indomalayan,  African  and  Soutli 
American  regions. 
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Ihe  most  striking  characteristic  of  many  termitophiles 
is  physogastry,  or  the  excessive  enlargement  of  the 
abdomen,  which  closely  resembles  that  of  the  hosts  and 
especially  that  of  the  old  queens.  It  is  due  to  several 
causes,  such  as  a  great  increase  in  the  fatty  or  exudate 
tissue  or  enlargement  of  the  alimentary  tract  or  repro¬ 
ductive  organs  (Wasmann  (1903),  Tràgârdh  (1907  a  and  h) 
and  Warren  (1919,  1920))  and  is  especially  noticeable  in 
certain  Coleopteran  larvae,  adult  Staphylinids  of  numerous 
genera  and  the  strange  Diptera  of  the  genera  Terniitoxenia, 
Termitomyia,  Ptochomyia,  Termitomastus,  etc.  In  some 
predatory  Coleopteran  larvae,  like  those  of  the  Carabid 
Glyptus  punctulatus,  which  live  in  the  nests  of  the  African 
Termes  hellicosus,  the  physogastry  is  less  extreme,  but  in 
the  Staphyhnids  it  occurs  in  all  degrees  and  culminates 
in  most  remarkable,  one  may  truly  say  monstrous,  forms. 
Warren  has  constructed  a  diagram  (Fig.  68)  to  illustrate 
the  three  independent  Hnes  of  phylogenetic  development 
in  the  physogastry  of  these  beetles  in  the  three  great 
geographical  regions,  from  an  ordinary  predaceous 
Staphyhnid  like  Myrmedonia.  Among  a  considerable 
number  of  forms  we  may  select  as  examples  of  highly 
developed  physogastry  Corymhogaster  miranda  from 
British  Guiana,  Corotoca  melantho  and  phylo  from  Brazil, 
Œdiprosoma  mirandum  from  Africa  and  Thyreoxenus 
pulchellus  of  British  Guiana.  The  two  last  forms  are  so 
aberrant  that  only  an  expert  Coleopterist  would  recognize 
them  as  Staphylinids.  But  there  are  even  more  bizarre 
types,  which  are  not  only  extremely  physogastric  but 
possess  in  addition  long  exudatorial  appendages,  e.g.,  the 
viviparous  Spirachtha  eurymedusa  (Fig.  69)  long  ago 
described  by  Schiodte  (1853,  1856)  from  Brazil  and  the 
even  more  extraordinary  form,  Spirachtha  mirabilis  (Fig. 
70),  recently  discovered  by  Emerson  in  British  Guiana 
and  described  by  Mann  (1923).  The  peculiar  structure  of 
its  three  pairs  of  exudatoria  has  been  elucidated  by 
Mclndoo  (1923).  I  happened  to  be  with  Dr.  Emerson 
when  he  found  a  number  of  specimens  of  this  termitophile 
in  tlie  nest  of  Nasutitermes  [Constrictoterrnes)  cavifrons  in 
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the  superb  forest  at  Kalacooii.  When  the  termites  and 
their  guests  were  brought  into  the  laboratory  we  saw  the 
former  carrying  the  beetles  about  and  frequently  licking 
not  onty  their  exudatoria,  which  seemed  to  have  sticky 
or  glutinous  surfaces,  but  also  other  portions  of  their 
bodies.  Comparison  of  the  exudatoria  of  this  strange 
insect  with  those  of  the  larvæ  of  the  African  ant 
Pachysima  (Figs.  57  and  58),  described  in  a  former  lecture, 
is  very  suggestive. 

The  physogastric  Diptera  above  mentioned  are  in 
certain  respects  even  more  aberrant  than  the  Staphy- 
linids,  because  they  also  have  much  reduced  wings  and 
eyes  (Fig.  71).  One  of  the  genera,  Termitomastus 
(Fig.  71c),  belongs  to  the  suborder  Nematocera  and  was 
discovered  by  Silvestri  (1903)  in  South  America.  The 
others,  Termitoxenia  (Fig.  71A),  Termitomyia  and 
Ptochom3’ia  (Fig.  71B)  occur  in  the  Oriental  and 
Ethiopian  regions  and  have  been  studied  by  Wasmann 
(1900-igoia),  Assmuth  (1913),  Bugnion  (1913^),  Brues 
(1918),  and  Silvestri  (1920).  The  great  similarity  of  the 
physogastr^q  subapter\9  microphthalmy,  etc.,  of  the  flies 
and  beetles  here  briefly  considered  to  the  termites  them¬ 
selves  would  seem  to  be  most  naturally  explained  as  the 
result  of  adaptation  to  the  pecuhar  trophallactic  habits 
of  the  termites  and  to  the  same  physical  and  trophic 
conditions,  namety  the  crowding  in  dark  cavities  poor  in 
oxygen  and  of  rather  low  temperature  compared  with 
the  surrounding  air  and  soil,  the  abundance  of  food,  etc. 
These  very  conditions  are  known  to  produce  quite 
similar  results  in  other  insects.  (Compare  e.g.  the 
physogastry  and  accumulation  of  fat,  microcephaly  and 
absence  of  eyes  in  the  parasitic  larvae  of  H^^menoptera, 
Diptera,  etc.,  the  aptery  and  blindness  of  many  hypogasic 
and  cave  insects,  etc.) 

In  conclusion  something  must  be  said  concerning  the 
opinions  that  have  been  advanced  to  account  for  the 
extraordinary  behaviour  and  morphological  idiosy  ncrasies 
of  the  myrmecopliiles  and  termitophiles  on  the  one  hand 
and  the  reciprocal  behaviour  of  their  hosts  on  tlie  other. 
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Unfortunately  the  general  consideration  of  the  subject 
has  been  wrapped  in  clouds  of  speculation,  largely  through 
Wasmann’s  unceasing  efforts  to  remove  it  from  the  field 
of  legitimate  biological  inquiry  to  that  of  the  neothomistic 
philosophy  which  is  now  so  assiduously  cultivated  by 
the  Jesuits.  He  has  elaborated  his  opinions  in  a  long 
series  of  articles,  the  bibliography  of  which  may  be  found 
in  his  works  of  1910,  1915  and  1920.  Since  his  latest 
article  is  devoted  in  great  part  to  a  polemic  against  my 
views  of  1918  and  since  I  remain  quite  unconvinced  by 
his  arguments,  or  rather  assertions,  I  shall  here  repeat 
some  of  my  former  statements. 

Having  found  that  particular  symphiles  five  only  with 
particular  ants  and  termites,  Wasmann  concludes,  first, 
that  the  latter  have  during  their  phylogeny  acquired 
particular  symphilic  instincts  as  differentiations  or 
modifications  of  their  original  nursing  and  adoptive 
instincts,  and  second,  that  the  true  ant  and  termite 
guests  have  been  developed  by  these  symphilic  instincts 
through  a  process  called  "  amical  selection  ”,  which  he 
likens  to  the  conscious  artificial  selection  employed  by 
man  in  perfecting  the  numerous,  often  bizarre  varieties 
among  his  domesticated  animals  and  plants.  Escherich 
(1898,  1902,  1911),  Schimmer  (1909,  1910)  and  I  (1910a) 
have  never  accepted  this  view,  and  I  am  still  unable  to 
see  that  Wasmann  has  successfully  disposed  of  our 
arguments.  The  whole  matter  comes  down  to  the 
answer  to  two  questions  :  Do  ants  and  termites  possess 
special  symphilic  instincts  ?  and  :  Is  the  assumption  of 
amical  selection  necessary  to  account  for  the  facts  ?  In 
my  opinion  both  questions  are  to  be  answered  in  the 
negative. 

It  is  unnecessary  to  consider  all  the  various  symphiles 
which  Wasmann  has  so  long  and  so  diligently  studied. 
A  brief  account  of  Lomechusa  stnimosa,  his  chief  battle 
horse  and  according  to  his  own  statement  one  of  the  most 
typical  of  symphiles,  has  already  been  given  and  will 
suffice  as  an  illustration.  He  beheves  that  Formica 
sanguinea,  the  host  of  this  insect,  has  acquired  during  its 
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phylogeny  a  special  symphilic  instinct  which  impels  it  to 
foster  Lomechusa  to  the  detriment  of  its  colonies  and 
therefore  to  the  detriment  of  its  species,  and  regards  the 
case  as  furnishing  a  crucial  argument  against  natural 
selection  and  an  incontestable  proof  of  the  existence  of 
amical  selection.  The  same  reasoning  is,  of  course,  made 
to  apply,  mntatis  mutandis,  to  Claviger  testaceus  which 
lives  with  Lasins  flavus,  the  Paussids  which  live  with 
different  species  of  Pheidole,  the  physogastric  Staphy- 
linids  which  hve  with  various  termites,  etc. 

The  argument  looks  plausible  till  we  examine  it  more 
critically.  When  we  ask  how  the  particular  instinct  to 
foster  Lomechusa  became  established,  i.e.,  hereditary,  in 
sanginnea,  we  see  that  Wasmann  has  taken  a  great  deal 
for  granted.  Of  course,  we  really  know  nothing  about 
the  phylogeny  of  sanguinea  in  its  relation  to  Lomechusa. 
The  sanguinea  queen  and  her  fertile  female  offspring  in 
colonies  that  are  old  enough  to  be  infested  by  the  beetle, 
pay  no  particular  attention  to  the  parasite  and  could 
therefore  acquire  such  an  instinct  as  Wasmann  postulates 
only  by  inspiration.  The  workers,  which  do  look  after 
the  beetles,  rarely  reproduce  and  probably  never  reproduce 
in  infested  colonies  and  would  therefore  not  be  in  a 
position  to  transmit  even  if  they  acquired  such  an  instinct. 
And  as  the  sanguinea  brood  is  either  largely  devoured  or 
converted  into  infertile  pseudogynes,  so  that  the  whole 
colony  tends  to  die  out,  we  have  anything  but  a  favourable 
environment  for  engendermg  and  transmitting  an  instinct 
so  specialized  as  to  be  concerned  with  a  particular 
symphile.'  Add  to  this  fact  that  Lomechusa  is  a  sporadic 
or  local  parasite  and  Wasmann’s  case  becomes  quite 
hopeless.  Of  course,  he  might  contend  that  Lomechusa 
was  once  a  universal  sanguinea  parasite,  or,  at  any  rate, 
much  more  abundant  and  more  uniformly  distributed 

*  According  to  Lomnicki  (1921),  males  produced  in  sanguinea 
colonies  infested  by  Lomechusa  may  also  be  affected,  becoming  dwarfs, 
or  "  micraners  ”  only  about  half  the  length  of  normal  individuals! 
Admitting  that  such  males  may  be  the  offspring  of  the  workers,  they 
are  certainly  not  favourable  material  for  transmitting  symphilic 
instincts  acquired  by  their  mothers. 
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than  at  present,  but  if  this  had  been  the  case,  how  could 
sangtmtea  have  survived,  if  its  ravages  are  as  great  as  he 
asserts,  especially  when  we  consider  that  this  ant  is 
itself,  as  will  be  shown  in  the  next  lecture,  a  parasite  on 
another  ant,  Formica  fusca  and  therefore  dependent  on 
a  host  ? 

The  perusal  of  Wasmann’s  paper  leaves  one  with  the 
impression  that  he  is  bent  on  showing  that  symphily 
is  something  biologically  unique  and  that  for  every 
peculiarity  in  ant  behaviour  we  are  bound  to  postulate 
a  specific  instinct.  To  repeat  what  I  said  in  my  “  Social 
'  Life  Among  the  Insects  ”,  if  three  of  my  maiden  aunts  are 
fond  of  pets  and  prefer  cats,  parrots  and  monkeys, 
respectively,  I  am  not  greatly  enhghtened  when  the 
family  physician  takes  me  aside  and  informs  me 
sententiously  that  my  aunt  Eliza  undoubtedly  has  an 
ælurophilous,  my  aunt  Mary  a  psittacophilous  and  my 
aunt  Jane  a  pithecophilous  instinct,  and  that  the 
possession  of  these  instincts  satisfactorily  explains  their 
behaviour.  It  is  only  too  apparent  that  the  physician 
has  merely  called  the  stimuli  that  severally  affect  my 
aunts  by  Greek  names,  plus  a  suffix  denoting,  ”  fondness  ”, 
assumed  their  existence  as  entities  in  my  aunts’  minds 
and  naively  drawn  them  forth  as  ”  explanations  ”.  One 
wonders  how  many  more  centuries  will  be  required  to 
eradicate  this  scholastic  mode  of  thinking  so  exquisitely 
satirized  by  Molière  when  he  adduced  the  ”  virtus 
dormitiva  ”  as  an  explanation  of  the  soporific  effects  of 
opium. 

The  facts  and  considerations  recorded  in  this  and 
the  preceding  lecture  seem  to  me  to  constitute  a  formidable 
argument  against  the  existence  of  specific  symphilic 
instincts,  for  in  the  first  place,  if  the  relation  between 
parent  and  offspring  or  between  the  nursing  workers  and 
the  brood,  is  trophallactic,  it  is  essentially  the  same  as 
the  relation  between  host  and  symphile.  It  becomes 
unnecessary,  therefore,  to  assume  that  in  the  ants  and 
termites  the  primitive  nursing  instinct  or  behaviour, 
which  is  a  nuitual  feeding,  has  been  specialized  or  modified 
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during  the  phylogeny  in  adaptation  to  particular 
symphiles.  It  is  difficult  to  see  why  there  should  be  any 
more  reason  to  assume  that  the  responses  of  socal  insects 
to  particular  symphiles  have  specific  genetic  determination 
than  that  their  tolerance  for  particular  ecto-  and  ento- 
parasites  should  be  similarly  determined.  Shght  onto¬ 
genetic  modifications  well  within  the  hmits  of  the  plastic, 
or  intelligent  ”  behaviour  of  the  ants  and  termites,  as 
responses  to  the  specific  organization  and  behaviour  of 
the  symphiles,  seem  amply  sufficient  to  account  for  the 
phenomena. 

But  the  symphilic  instincts  and  amical  selection  are 
only  two  of  the  peculiar  notions  w'hich  Wasmann  has 
introduced  into  the  general  consideration  of  the  ant  and 
termite  guests.  He  also  operates  wdth  other  dubious, 
or  at  any  rate  highly  speculative,  conceptions  such  as 
mimicry,*  hypertely,  “  Fremddienlichkeit  ”  and  the 
relations  of  his  personal  Deity  to  the  ants  and  myrmeco- 
philes.  I  have  no  desire  to  discuss  such  opinions  but 
w^ould  merely  point  out  that  the  biologist  who  falls  under 
their  spell  must  sooner  or  later  become  involved  in 
fancies  wffiich  far  transcend  and  necessarily  tend  to  deform 
the  facts  of  observation.  That  Wasmann  has  been  unable 
to  avoid  this  pitfall  is  apparent  from  his  account  of 
Termitoxenia  and  its  aUies,  the  pecuhar  subapterous, 
physogastric  Phorids  to  which  I  have  referred.  When  he 
fxrst  discovered  them  he  advanced  the  sensational  claim 
that  they  w'ere  hermaphroditic,  that  they  did  not  lay 
and  have  larvae  hke  other  Diptera,  but  w'ere 
viviparous,  or  rather  imaginiparous,  producing  young  of 
the  adult  form,  that  their  aborted  wings  were  used  as 
organs  of  equilibration  or  as  handles  to  enable  the 
termites  to  carry  them  about,  that  they  fed  as  parasites 
on  the  termite  brood,  etc.  After  these  suppositions  had 
been  repeated  by  Wasmann,  Assmuth  and  others  for 
some  years  and  had  even  been  cited  as  facts  in  various 

'  I'or  a  discussion  of  Wasmann’s  account  of  "mimicry”  amon? 
ant-gucsts  and  his  incorrect  use  of  the  term,  see  Heikertiiieer  fioio 
1925,  1^25-1926).  °  \  J- 
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popular  works,  they  have  now  been  proved  to  be  without 
foundation.  Brues  (19086),  Bugnion  (1913)  and  Silvestri 
(1920)  have  shown  that  Termitoxenia  is  not  hermaphro¬ 
ditic,  and  Kemner  (1922,  1926)  has  found  that  it  lays 
eggs,  has  larvae  of  a  normal  Dipteran  type,  which  feed  on 
the  termite  eggs,  that  the  adult  is  in  all  probability  fed 
by  regurgitation,  that  the  wings  are  not  employed  as 
balancers  or  handles,  etc.  In  view  of  the  coUapse  of 
this  edifice  of  sensational  inference,  erected  on  a  collection 
of  alcoholic  specimens,  can  we  be  censured  if  we  suspect 
that  some  of  the  other  elaborate  constructions  of  the 
learned  Jesuit  may,  on  further  examination,  prove  to  be 
quite  as  insecure  ? 


XI 


THE  EVOLUTION  OF  THE  SOCIAL  PARASITES 

W^E  come  now  to  a  consideration  of  the  social  insects 
which  have  themselves  adopted  a  life  of  parasitism  in  the 
colonies  of  other  social  insects,  a  subject  which  has 
received  much  attention  from  a  number  of  investigators 
during  the  past  quarter  of  a  century.  Cases  of  such 
social  parasitism  have  been  observed  among  all  the 
groups,  wasps,  bees,  ants  and  termites,  but  are  most 
frequent  and  have  been  most  carefully  studied  among 
the  ants.  The  relationships  between  the  social  parasites 
and  their  hosts  are  very  diverse  both  in  their  character 
and  in  the  degree  of  their  intimacy.  A  parasite  and  host 
which  are  closely  allied  structurally  and  ethologically  and 
represent  species  of  the  same  genus  can  obviously  enter 
into  much  more  intimate  relationships  with  one  another 
than  distantly  related  species,  or  those  belonging  to 
different  subfamilies  or  orders.  Thus  although  even 
colonies  of  ants  and  termites  may  contract  relations  with 
one  another,  they  are  never  very  intimate  and  are  due 
either  to  predatism  on  the  part  of  the  ants  or  to  mere 
parœcism,  or  indifferent  toleration.  From  the  viewpoint 
of  evolution  it  is  interesting  to  note  that  the  numerous 
cases  of  social  parasitism  now  known  are  aU  sporadic  and 
convergent  developments,  and  if  we  omit  the  termites  as 
we  shah  have  to,  owing  to  insufficient  knowledge  and  the 
limits  of  our  time,  and  confine  our  attention  to  the 
Aculeates,  we  shall  find  that  the  infestation  of  their 
colonies  by  other  Aculeates  is  in  many  of  its  features  quite 
distinct  from  any  other  known  type  of  parasitism.  The 
only  similar  phenomena  are  the  parasitism  of  human 
groups  and  races  by  other  human  groups  and  races,  i.e.. 
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parasitism  existing  between  societies  of  the  same  species, 
a  subject  which  has  not  received  the  attention  it  deserves 
by  sociologists  since  attention  was  called  to  it  many  years 
ago  by  Massart  and  Vandervelde  (1893).  That  the 
erudite  Giard  was  fully  aware  of  the  significance  of  human 
parasitism  is  apparent  from  the  fact  that  he  gave  the 
Belgian  investigators’  work  a  prominent  place  in  the 
journal  which  he  founded,  the  “  Bulletin  Scientifique  ”d 

The  parasitic  social  wasps  and  bees  may  be  briefly 
considered  before  we  pass  to  a  review  of  the  cases  among 
the  ants.  Even  the  parasitic  solitary  wasps  are  rare  and 
confined,  as  far  as  known,  to  the  species  of  Ceropales, 
Nysson  and  a  few  species  of  Pompilus  {pectinipes,  campestris 
and  aculeaius)  and  Stizus  (unicinctus) .  Among  the  social 
species  we  know  of  only  two  parasitic  forms,  Vespa 
austriaca  and  V.  arctica.  The  former  has  long  been  known 
in  Europe,  where  it  hves  in  the  nests  of  V.  rufa  (Morawitz 
(1864),  Robson  (1898),  Carpenter  and  Pack-Beresford 
(1903),  etc.).  Recently  Bequaert  (1916)  and  Sladen  (1918) 
have  found  austriaca  in  the  United  States,  British 
America  and  Alaska,  but  its  North  American  host  is  still 
unknown,  though  believed  to  be  V.  consobrina.  V. 

*  Cases,  like  those  recorded  by  Massart  and  Vandervelde  in  the 
following  paragraphs,  and  many  others,  will  occur  to  any  unbiased 
observer  of  our  existing  human  societies,  or  to  any  student  of  history  : 

•'  xhe  disturbances  caused  by  social  parasitism,  which  is  char¬ 
acterized  by  appropriation  of  the  means  of  existence,  are  less  serious 
than  those  caused  by  the  nutritional  parasitism  whose  effects  we  have 
described.  Nevertheless,  social  parasites  may  sometimes  multiply 
so  greatly  or  attain  such  a  degree  of  nocuity  as  to  exhaust  the  workers 
that  support  them.  Spencer  reports  that  the  rapacity  of  Oriental 
monarchs  has  sometimes  led  them  to  despoil  their  subjects  to  such  an 
extent  that  they  were  obliged  to  return  enough  produce  to  enable 

them  to  sow  their  crops.  ^  ,  .u 

"  Spain,  at  the  end  of  the  past  century,  may  be  regarded  as  the 
type  of  a  community  reduced  to  a  kind  of  economic  phthisis  through 
the  development  of  parasites  and  insufficiently  productive  workers. 
Under  Philip  III.  there  were  988  convents  for  women  and  32,000 
mendicant  friars  ;  the  number  of  monasteries  had  tripled  during  the 
fifty  years  preceding  1624,  and  the  number  of  monks  had  increased 
in  even  greater  proportion.  The  census  of  1788  gave  a  total  of 
1,221,000  priests,  soldiers,  sailors,  nobles,  lawyers,  government 
clerks  students  and  servants  in  a  population  of  about  3,81^,000, 
from  which  we  should  still  have  to  deduct  a  mass  of  beggars,  vagabonds, 
etc.  (Rocher.  '  Principes  d’Econ.  Pol.,  II.,  pp.  144  and  145.  iransl. 
by  Wolowski.)'' 
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arctica,  as  Fletcher  (1908),  Taylor  and  I  (1921)  have 
demonstrated,  lives  in  the  nests  of  our  common 
r.  diabolica.  Both  austriaca  and  arctica  have  completely 
lost  the  worker  caste,  so  that  they  are  represented  only 
by  males  and  fertile  females.  They  were  at  one  time 
undoubtedly  non-parasitic  like  their  present  hosts,  but 
are  now  reared  and  fed  by  the  workers  of  the  latter  like 
their  own  more  favoured  sexual  forms.  As  a  result  of 
such  nurture,  what  were  once  independent  social  insects, 
with  two  distinct  female  castes,  have  actually  reverted 
to  the  status  of  the  solitary  insects,  with  only  a  single 
type  of  female. 

Since  many  genera  of  parasitic  solitary  bees  are  known 
(see  Wheeler,  1919a),  it  is  not  surprising  to  find  that  the 
social  bees  also  have  Apid  parasites.  In  fact,  all  the 
subfamilies,  except  the  Apinæ,  have  such  satellites,  and 
in  each  case  it  is  evident  that  the  parasite  is  descended 
from  the  same  genus  as  the  host.  Brauns  (1902)  has 
described  a  species,  Encondylops  konowi,  as  a  parasite  of 
AUodape,  but  has  made  no  observations  on  its  habits. 
The  common  bees  of  the  genus  Sphecodes  have  been 
studied  by  a  long  series  of  investigators  :  Walckenaer 
(1817),  Wesmael  (1835),  Lepeletier  (1841),  Spinola  (1851), 
Taschenberg  (1866),  F.  Smith  (1851),  Sichel  (1865), 
Breitenbach  (1878),  Pérez  (1884),  Perkins  (1887,  1889), 
Morice  (1901),  Ferton  (1890,  1898,  1905),  Marchai  (1890, 
1894),  Sladen  (1895),  Nielson  (1903),  Friese  (1923),  etc., 
but  we  still  lack  a  definitive  account  of  their  relations  to 
their  hosts,  the  bees  of  the  genus  Halictus.  A  paper  by 
Stockhert,  which  promises  to  elucidate  this  matter,  has 
not  yet  been  published.  From  the  observations  of  many 
of  the  authors  above  mentioned  it  would  seem  that  the 
old  Halictus  females,  which  guard  the  nest  entrances, 
violently  resist  the  intrusion  of  the  Sphecodes.  Ferton 
(1905)  saw  a  S.  subqtiadratus  breaking  into  a  nest  of 
Halictus  ynalachurus  .'  Unable  to  seize  the  sentinel  that 
obstructed  the  entrance  with  her  head,  she  burrowed 
towards  the  bees  gallery  and  thus  succeeded  in  seizing 
and  killing  the  guardian  and  cast  her  backward  and  out 
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of  the  tunnel.  A  second  and  then  a  third  Hahctus 
endeavoured  to  replace  the  first  but  met  with  the  same 
fate  After  gaining  an  entrance  to  the  nest  the 
Sphecodes  apparently  destroys  the  eggs  in  the  completed 
cells  of  the  Halictus  and  lays  her  own  eggs  in  their  place, 
so  that  her  larval  offspring  do  not  have  to  compete  with 
the  lawful  owners  of  the  stored  pollen  and  nectar. 
Sphecodes  is  therefore  a  predatory  parasite.  Some  recent 
authors  (e.g.  Heselhaus  (1922)),  however,  stiU  maintain 
that  this  bee  constructs  and  provisions  her  own  cells  in 
the  Halictus  nests.* 

The  most  interesting  parasites  of  bees  are  undoubtedly 
the  species  of  Psithyrus  (Apathus)  which  have  long  been 
known  to  live  and  breed  in  the  colonies  of  Bombus.  The 
European  species  have  been  studied  by  F.  Smith  (1885), 
Hoffer  (i88t,  1888),  Friese  (1888,  1923),  Sladen  (1899, 
1912),  Wagner  (1907),  etc.,  some  of  the  North  American 
species  by  Sladen  (1915),  Frison  (1916,  1921)  and  Plath 
(1922).  The  genus  Psithyrus  is  evidently  an  offshoot  of 
Bombus  and  hke  the  parasitic  Vespas  has  lost  its  worker 
caste.  In  all  probability,  the  species  of  the  genus  are 
polyphyletic,  i.e.,  derived  from  several  different  species 
of  Bombus.  As  in  other  parasitic  bees,  the  females  fail 
to  develop  the  collecting  apparatus  of  the  hind  legs,  but 
in  other  respects  closely  resemble  their  hosts.  In  some 
species  this  resemblance  is  remarkably  close,  especially 
in  colouration,  and  has  been  interpreted  as  mimetic,  but 
on  the  theory  of  a  polyphyletic  origin,  it  may  be  really 
genetic  (Plath,  1922).  The  female  Psithyrus  has  some 
difficulty  in  entering  a  Bombus  nest,  and  after  entering, 
will  not” tolerate  the  presence  of  another  Psithms  female. 
According  to  Sladen,  the  parasite  kills  the  host  queen, 
but  Smith,  Hoffer  and  Plath  have  shown  that  this  is  not 
always,  nor  perhaps  generally,  the  case.  Plath  finds  that 
our  North  American  Ps.  lahoriosus,  after  gaining  admission 
to  the  nest  of  Bombus  vagans,  intimidates  the  workers  by 

I  According  to  Robertson  (1026)  the  North  American  bees  assigned 
to  Chloratictns,  wliich  he  regards  as  a  genus,  are  probably  parasitized 
by  the  species  of  Paralictus.  The  taxonomic  characters  of  the  lattei 
genus  suggest  tliat  it  is  derived  from  the  host  genus. 
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roughly  rolling  them  about  under  her  body,  but  does  not 
sting  them.  “  After  this  period  of  '  getting  acquainted  ’ 
the  members  of  the  vagans-laboriosiis  colony  show  no  more 
hostility  towards  each  other  than  the  members  of  an 
uninfested  colony.”  The  parasitic  queen  does  not 
always,  if  ever,  lay  her  eggs  in  a  pollen  mass  already 
containing  the  eggs  or  larvæ  of  her  host,  but  like  the 
Bombus  queen,  constructs  her  own  egg-cells  and  like 
the  latter  attaches  them  to  one  or  more  of  the  existing 
cocoons.  Nevertheless,  according  to  Platli,  the  Psithyrus 
female  dsestroys  the  eggs  and  young  larvæ  of  her  host 
and  permits  the  Bombus  workers  to  rear  her  own  brood. 
Here,  too,  the  parasite  behaves  like  a  predator.* 

Friese  (1923)  has  published  on  a  predatory  neotropical 
Mehponine  bee  a  few  brief  notes  of  considerable  interest. 
He  regards  the  species,  formerly  called  Trigona  limao,  as 
the  type  of  a  new  subgenus,  Lestrimelitta  (Friese,  1903), 
because  the  workers  lack  the  corbula  on  the  hind  legs, 
a  condition  which  proves  that  they  do  not  collect  poUen. 
He  maintains  that  limao  is  really  a  robber  bee,  which 
overpowers  the  colony  of  some  industrious  species  of 
Trigona,  drives  away  or  kills  the  rightful  owners  of  the 
nest,  settles  down  in  it  and  feeds  on  the  stored  pollen 
and  honey,  and  then  moves  on  to  capture  the  nest  of 
some  other  peaceful  colony. 

These  very  brief  accounts  of  the  parasitic  social  bees 
show  very  clearly  that  they  are  all  more  or  less  predatory. 
The  Lestrimelitta  is,  in  fact,  so  highly  predatory  that  it 
can  hardly  be  regarded  as  a  parasite.  Psithyrus  also 
reveals  decidedly  predatory  traits  in  its  behaviour  on 
entering  the  nest,  in  compelling  adoption  and  in  destroying 
the  eggs  and  larvæ  of  its  host.  The  behaviour  of 
Sphecodes,  so  far  as  known,  seems  to  be  similar.  That  of 
Vespa  anstriaca  and  arctica  has  not  been  studied,  but  they, 
too,  can  hardly  be  adopted  by  their  hosts  without  a 
conflict. 

The  literature  on  the  social  parasites  among  ants  has 

‘  lor  more  recent  valuable  observations  on  Psithyrus  set* 
I'rison  (it)zbj. 
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grown  to  be  so  voluminous  that  I  am  unable  to  cite  aU 
of  it.  Much  of  it  is  listed  in  my  books  (1910Æ,  1923)  and 
in  the  first  volume  of  Wasmann's  “  GeseUschaftsleben  der 
Ameisen  ”  (1915c).  As  would  be  expected,  the  con¬ 
ditions  become  pecuharly  comphcated  when  a  social 
superorganism,  such  as  an  ant  colony,  becomes  intimately 
associated  with  another  colony.  Wasmann  long  ago 
(1891)  divided  all  these  consociations  into  two  categories, 
the  "  compound  nests  ”  and  “  mixed  colonies  ".  Although 
these  are  stiU  convenient  divisions,  the  distinction,  as  I 
shall  show  in  the  sequel,  is  not  as  sharp  as  Wasmann 
supposed.  The  compound  nests  are  associations  between 
two  or  more  entire  colonies  of  ants,  of  ants  and  termites, 
or  of  termites,  hving  in  close  contiguity  but  really  in 
different  nests  and  rearing  their  respective  broods 
separately.  The  mixed  colonies  of  ants  (none  is  known 
among  termites),  represent  a  fusion  of  the  personnel  of 
two  or  rarely  more  colonies,  which  occupy  the  same  nest 
and  rear  their  broods  in  common.  With  very  rare 
exceptions,  only  one  of  the  colonies  is  complete,  i.e.,  has 
a  fertile  mother  queen  as  well  as  workers.  The  ants 
which  form  compound  nests  may  be  divided  into  several 
minor  categories,  the  cleptobiotic,  lestobiotic,  parœcismic 
(plesiobiotic),  parabiotic  and  xenobiotic,  or  myrmecophi- 
lous.  Together  these  subgroups  comprise  a  number  of 
cases,  ranging  from  mere  contiguity,  based  on  the  active 
predatism  of  one  of  the  components,  through  indifferent 
toleration  or  a  feeble  cooperation  to  a  definitively 
symphilic  condition.  The  series,  of  which  I  describe 
some  examples,  therefore  parallels  the  progressive 
development  of  the  myrmecophiles  and  termitophiles, 
from  synechthran,  through  synœketic  to  symphihc 
relations  with  the  host. 

(i)  Different  colonies  of  ants  even  of  the  same  species 
are  so  hostile  to  one  another  that  their  mere  existence  in 
contiguity  implies  that  one  of  the  species  is  to  some 
extent  exploiting  its  neighbour.  Certain  small  but 
aggressive  species,  which  secure  at  least  a  portion  of  their 
sustenance  by  waylaying  the  foraging  workers  of  another 
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hilrestri.)  \  irii/ilnii/d.ilii.t  Irplnprurtiis ,  a  \eniati  leeran  fl\,  friiin  the  nests 

Ilf  \niipliiliriiirs  rccniiili/ii.t  in  SnLitherti  Ihti/il  and  \  rL.'i.'nt  ina.  (  M’tei  h.  .SiKestri.) 
(  \ir  p.  267.) 
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I'k..  72.  \\  iiiL'cil  i|uccn  (if  (.ilirhiini  vidtui  (.Mirviiiu  llic  niinuli.',  hliiul  workers  et 

liLT  own  spi.'cii.'s  allachtxl  Id  Iut  tarsal  hairs. 
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species  and  snatching  away  their  prey,  deserve  the  name 
of  brigands  (cleptobiosis).  Such  ants  naturally  make 
their  nests  near  those  of  the  species  they  plunder.  Ihus 
Doyytnyytncx  pyyaynicus  in  our  southwestern  states  often 
constructs  its  nest  in  the  clearing  surrounding  or  even  on 
the  large  mounds  of  harvesting  ants  of  the  genus 
Pogonomyrmex. 

(2)  In  the  cases  of  lestobiosis,  or  thieving,  the 
exploitation  is  more  subtle  and  efficient.  The  thief-ants, 
all  of  which  are  subterranean  and  have  very  small  workers, 
nest  in  the  earthen  walls  of  populous  formicaries  or 
termitaria.  The  chambers  of  the  two  nests  are  connected 
by  extremely  tenuous  galleries  permitting  the  thief-ants 
to  invade  the  nests  and  devour  the  brood  of  their  large 
neighbours,  but  preventing  the  latter  from  entering  the 
nests  of  the  robbers,  who  are  either  ignored  or  overlooked 
on  account  of  their  diminutive  size  and  neutral  odour. 
The  abundance  of  food  which  they  secure  enables  them 
to  rear  very  large  and  often  deeply  coloured  queens  and 
males,  but  the  workers  themselves  are  condemned  to 
perpetual  dwarfhood  and  a  pale  colouration  by  their 
criminal  mode  of  hfe.  The  most  remarkable  thief-ants 
belong  to  the  genus  Carebara  and  are  found  in  the  huge 
termitaria  of  the  tropics.  The  workers  of  these  ants  are 
minute,  pale  yellow  and  bhnd,  the  queens  and  males 
deeply  coloured  and  several  thousand  times  as  large  as 
the  workers.  Arnold  (1916)  has  recently  suggested  that 
these  extraordinary  differences  in  size  must  make  it 
impossible  for  the  queen  to  feed  her  first  brood  of  workers 
and  hence  to  estabhsh  her  formicary  in  the  typical 
independent  manner  of  other  ants.  For  this  reason, 
when  she  leaves  the  parental  nest  to  take  her  nuptial 
flight,  she  carries,  attached  by  their  mandibles  to  the 
tufted  hairs  on  her  feet,  several  of  her  minute  workers, 
which  thus  accompany  her  tiU  she  has  made  her  ceU  in 
some  termite  mound  and  then  take  charge  of  rearing  her 
first  brood  (Fig.  72). 

(3)  Plesiobiosis,  or  parœcism  (“  neighbourliness  ”)  is  a 
very  common  relationship  between  two  or  more  rarely 
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three  or  even  four  species  of  ants  living  in  nests,  often 
with  interdigitating  but  never  with  intercommunicating 
galleries,  under  the  same  stone  or  in  the  same  log. 
Usually  the  ants  of  the  different  colonies,  when  they  meet, 
are  more  or  less  hostile.  If  one  of  the  species  is  small  and 
weak  it  undoubtedly  derives  some  protection  from  merely 
living  within  the  immediate  trophoporic  field  of  a  large 
and  powerful  neighbour,  or  the  feebler  may  feed  to  some 
extent  on  the  refuse  of  the  larger  form.  When  both 
species  are  large  and  aggressive  they  may  perhaps  find  it 
advantageous  to  present  a  combined  hostile  front  to  the 
attacks  of  other  ants. 

(4)  What  Forel  (1898)  calls  “  parabiosis  ”,  a  word 
which  may  be  translated  as  ”  tutelage  ”,  seems  to  be  a 
more  definite  relation  of  mutual  or  unilateral  protection. 
In  a  typical  case,  which  I  recently  observed  in  British 
Guiana  (1921),  we  have  two  species,  a  small  black 
Crematogaster  (C.  parahiotica)  and  a  large  brown  Cam- 
ponotus  (C.  femoratus)  together  inhabiting  a  large  ball  of 
earth  which  they  build  around  the  branch  of  a  tree.  In 
this  ball,  which  Ule  calls  an  ”  ant-garden  ”,  because  it 
supports  numerous  epiphytes,  the  Crematogaster  inhabits 
only  the  superficial,  the  Camponotus  the  central  portions. 
When  the  nest  is  slightly  disturbed  the  small  black  ants 
rush  out  to  attack  the  intruder,  but  a  more  serious 
disturbance  at  once  brings  out  the  battalions  of  the  much 
larger  and  extremely  pugnacious  brown  species.  The 
Crematogaster  seem  therefore  to  act  as  a  skirmishing  line 
for  the  Camponotus.  Although  the  galleries  of  both 
species  open  freely  into  one  another,  and  though  the 
workers  of  both  forage  in  long  common  files  on  the 
surrounding  vegetation,  they  nevertheless  keep  their 
broods  rigidly  separated. 

(5)  The  relationship  between  the  ants  occupying 
compound  nests  becomes  still  more  intimate  in  the  cases 
of  xenobiosis,  of  which  Leptothorax  emersoni  and  Myrmica 
canadensis  furnish  the  best  example.  As  we  have  seen 
in  a  preceding  lecture,  this  Leptothorax  has  really 
become  a  true  guest,  or  symphUe,  feeding  on  the  surface 
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secretion  of  its  host  and  being  fed  with  regurgitated  food 
by  the  latter  (Wheeler,  1901c,  1903c,  1907c).  Although 
both  species  bring  up  their  broods  separately,  it  is  possible 
in  artificial  nests  containing  no  earth,  to  compel  them  to 
mingle  their  broods  and  form  a  mixed  colony.  To  the 
same  group  of  guest-ants  belongs  another  North  America 
species,  Symmyrmica  chamberlini ,  which  lives  in  the  nests 
of  Manica  mxdica  in  Utah,  and  has  wingless  males 
(Wheeler,  1904c),  and  the  European  Formicoxenns 
fiitiduhis ,  which  lives  in  the  mounds  of  Foymica  rufa  and 
pratensis  and  also  has  wingless,  but  decidedly 
ergatomorphic  males. 

Although  F.  nitiduhis  has  been  studied  by  Adlerz 
(1884),  Wasmann  (1891,  1915c),  and  Stumper  (1918a, 
19186,  1921),  none  of  these  investigators  has  been  able 
to  determine  the  precise  nature  of  its  food.  Stumper 
believed  that  it  feeds  on  the  rain  water  charged  with 
vegetable  matter  after  filtering  through  the  materials 
of  the  Formica  nests,  but  Stager  (1925)  has  been  able  to 
show  that  it  obtains  its  food  from  its  hosts  in  much  the 
same  manner  as  Leptothorax  emersoni.  This  is  proved  by 
the  observation  which  I  quote  !  “  Two  pyutensis  workers 
were  feeding  one  another  in  the  customary  manner, 
squatting  and  stroking  one  another’s  heads  with  their 
antennæ  till  one  of  them  regurgitated  a  drop  which  the 
other  imbibed.  This  was  nothing  unusual,  but  during 
the  performance  one  of  the  guest  ants  that  had  been 
hanging  around  the  feeding  pair,  comes  up  in  haste, 
climbs  from  the  ventral  side  to  the  mouth  of  the 
regurgitating  individual  and  partakes  of  the  drop.  I  can 
scarcely  believe  my  eyes.  The  two  pyatensis  workers 
separate,  and  the  guest  ant  dismounts  from  her  host. 
Then  in  another  part  of  the  artificial  nest  two  ants  begin 
the  act  of  feeding.  Instantly  a  Formicoxenus  (this  time) 
mounts  the  back  of  the  regurgitating  ant,  reaches  forward 
over  her  head  and  snatches  its  share  of  the  meal.  The 
pyatensis  worker  that  is  being  fed  moves  avv'ay,  perhaps 
disturbed  by  the  intrusion.  The  regurgitating  ant, 
however,  does  not  budge,  but  remains  squatting  with 


282 


THE  SOCIAL  INSECTS 


wide  open  mandibles  and  permits  the  guest  to  keep  on 
with  its  meal.  The  latter  remains  perched  on  the  head 
of  the  pratensis  and  with  rapidly  vibrating  antennæ  hcks 
the  drop  from  her  mouthparts.  Not  until  somewhat  later 
does  the  unequal  pair  separate  Though  the  regurgi¬ 
tated  food,  which  it  steals  or  even  secures  directly  by 
persistently  stroking  the  heads  of  workers  not  engaged 
in  feeding  their  sisters,  seems  to  form  an  essential  part  of 
its  diet,  Formicoxenus  has  not  lost  the  abihty  to  feed 
independently  on  sugar,  injured  ant  larvae,  etc.  Stager 
finds  that  the  hosts  are  often  unwilling  to  tolerate  the 
guests  and  may  shake  them  off  or  even  attack  them,  but 
that  when  seized,  the  latter,  by  “  feigning  death  ”  and 
slyly  defending  themselves  with  their  stings,  succeed  in 
compelhng  their  hosts  to  release  them. 

I  recently  found  in  the  small  clearing  made  for  the 
erection  of  the  tropical  laboratory  on  Barro  Colorado 
Island,  in  Gatun  Lake,  Panama,  a  new  and  very  pecuhar 
guest  ant,  of  which  I  pubhshed  an  account  in  1925. 
During  the  rainy  season  at  least  fourteen  species  of  fungus¬ 
growing  ants  of  the  tribe  Attini,  representing  nearly  all 
the  described  genera,  may  be  found  on  the  island,  many 
of  them  within  the  small  clearing.  Of  one  diminutive 
form,  Sericomyrmex  amabilis,  I  found  more  than  a  dozen 
nests  within  a  few  steps  of  the  laboratory,  each  containing 
one  or  more  fungus-gardens  in  small  chambers  and  often 
suspended  from  the  roots  left  intact  by  the  ants  during 
their  excavations.  There  were  from  one  hundred  to 
three  hundred  workers  in  each  nest,  a  single  sluggish 
queen  and  a  quantity  of  brood  scattered  over  in  the  fungus 
gardens,  which  were  only  two  to  three  inches  in  diameter. 
In  nearly  every  nest  I  encountered  a  colony  of  a  guest-ant 
belonging  to  the  singular  neotropical  genus  Megalomyrmex 
but  representing  a  new  subgenus  and  species,  which  I 
have  called  Cepobroticus  symmetochus  (Fig.  73)'  ^ 

slender  red  ant,  smaller  and  much  smoother  than  its 
velvety,  brown  host.  Its  colonies,  too,  are  smaller, 
comprising  only  about  forty  to  fifty  individuals,  with  a 
single  queen  not  much  larger  than  the  workers.  Both 
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I K,.  ~3,,  M,  [C pahrotiiKs)  synuin  tdcl/iis 

\\  hcL'lcr.  a.  I  kad  ot  worker,  dorsal  aspect,  b. 
Thorax  ami  pedicel  ot  sanie,  lateral  aspect,  c.  I  leatl 
ot  male.'^c.lor^al  aspect,  tl.  l'ore  wint;  ot  leniale. 


lit..  a.  Worker  ot  l‘d/)ir<j/<t  hiiidiit,  the  “  shiniiiL’  aina/on",  a  peiiiianeni 

shnemtiker  ot  the  I  ..isierii  l  'niied  Stales.  h.  I  letul  ol'  s.ime,  shouinc  iln' 
sK'kle-shapeil  nitimlihles. 
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l'ic;.  75.  ;i  \\  (irlsL'r  <if  S /rdii^yldtiiinthns  testdcens,  a  dcirciicratc  slavc-tnakcr  ot  f'.urope. 
b.  I  lead  of  female  of  same.  c.  1  lead  of  worker  of  ,V.  hnheri,  an  allied  species, 
d.  Worker  of  the  pavement  ant  {’Yilraiiidrium  acspilnm),  the  host  ot  the  two 
species  of  Strongylognathus. 


1  It..  76.  \  lemporarv  social  parasite  (I  drm/iii  wiiniiiviKi). 

a.  (Jiieen,  w  ith  winy's  removed,  b.  barste  worker  ilrawn  to 
same  scale,  c.  1  leail  ot  same.  il.  anil  e.  I’eiiole  ot  worker 
and  queen  seen  I  rom  behind.  (  b  i  p.  ipi.) 
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species  live  ainicabl}’  together  and  occasionally  lick  one 
another  but  exchange  no  other  attentions.  When 
transferred  to  artificial  nests,  the  workers  of  both  species 
were  seen  to  live  and  feed  on  the  fungus-gardens  which 
are  cultivated  exclusively  by  the  Sericomyrmex.  The 
queens,  which  were  often  found  resting  side  by  side  on 
the  fungus,  scatter  their  eggs  among  its  tufted  hyphæ. 
The  larvæ  and  pupae  are  therefore  mingled  together,  but 
so  far  as  I  was  able  to  observe,  each  species  cares  only 
for  its  own  progeny.  This  case  is  of  unusual  interest 
first,  because  the  guest  ant  belongs  to  a  pecuhar  genus, 
the  other  known  species  of  which  are  not  mycetophagous, 
and  second,  because  it  evidently  exliibits  a  condition 
clearly  intermediate  between  the  compound  nests  and 
mixed  colonies  of  Wasmann.  I  have  called  this  new  and 
unique  form  of  social  symbiosis  “  mycetometochy 

The  ants  that  live  in  the  various  compound  nests  are 
not  closely  alhed  but  belong  to  different  genera  or  even 
subfamilies,  a  fact  which  may  explain  why,  except  in  the 
case  of  Sericomyrmex  and  Cepobroticus,  they  occupy 
separate  nests  and  do  not  bring  up  their  broods  in 
common,  for  the  rearing  of  the  brood  is  a  very  delicate 
operation  and  would  be  apt  to  differ  considerably  in 
different  species.  We  are  therefore  prepared  to  find  that 
mixed  colonies  are  formed  only  by  closely  allied  species, 

i. e.,  either  by  those  belonging  to  the  same  genus  or  to 
closely  alhed  genera,  and  this  proves  to  be  the  case. 
But  before  considering  the  various  types  of  mixed 
colonies,  two  facts  must  be  emphasized  :  First,  many  ants 
are  fond  of  kidnapping  and  devouring  the  larvæ  and  pupæ 
belonging  to  other  colonies  of  their  own  or  other  species. 
One  whole  subfamily,  the  Doryhnæ,  exhibits  this  rapacious 
habit  very  clearly.  I  have  often  witnessed  such  raids 
by  our  smaller  species  of  Eciton  (Acamatus),  and  have 
observed  more  recently  the  same  behaviour  on  a  more 
extensive  scale  in  the  larger  species  {E.  burchelli  and 
hamatum).  Moreover,  as  I  observed  in  Australia,  the 
iiicnibers  of  at  least  one  genus  of  Cerapachyinæ, 

j.  n_>iacaces,  make  similar  forays  on  other  ants  and  carry 
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home  their  brood  as  prey.  Mr.  J.  Clark,  of  Perth,  West 
Australia,  writes  me  that  he  has  recently  witnessed  such 
a  raid  of  an  undescribed  species  of  Phyracaces  on  a  colony 
of  Iridomyrmex  gracilis d  Frequently  the  kidnapped 
young  are  devoured,  but  in  well-nourished  colonies  they 
may  be  permitted  to  complete  their  development  and  the 
emerging  workers  may  be  adopted  as  hona  fide  members 
of  the  colony,  even  if  they  belong  to  a  different  species. 
It  is  therefore  possible  to  produce  a  mixed  colony 
experimentally  by  giving  the  colony  the  mature  brood 
of  some  other  species.  In  this  manner  Miss  Fielde  (1905) 
succeeded  in  inducing  species  belonging  even  to  very 
different  subfamihes  to  live  together  in  perfect  amity. 
It  is  also  interesting  to  observe  that  ants  thus  reared 
in  the  colony  of  an  ahen  species  may  be  very  hostile  to 
their  own  sisters  that  have  been  left  to  grow  up  in  the 
parental  nests. 

Second,  the  mixed  colonies  found  in  nature  are  not, 
in  the  first  instance,  produced  by  the  mere  kidnapping  of 
the  brood  of  an  alien  species,  but  by  the  young  queen  of  a 
parasitic  species  that  is  unable  to  start  a  colony  independ¬ 
ently,  invading  the  nest  of  another  species,  which  then 
becomes  the  host.  The  behaviour  of  the  invading 
parasite  and  the  host  colony  differs  in  different  species, 
but  in  nearly  aU  the  observed  cases  the  host  queen,  if 
present,  is  eventually  killed  and  her  place  is  taken  by  the 
ahen  intruder.  Since  the  queen  ant  is  really  the  repro¬ 
ductive  organ  of  the  colony  considered  as  a  superorganism, 
the  host  colony  may  be  said  to  be  castrated  and  its  sterile 
worker  personnel  is  constrained  to  devote  all  its  energies 
to  rearing  the  brood  which  is  forthwith  produced  by  the 
fecund  parasite.  With  these  general  statements  in  mind 

'  It  will  be  remembered  that  Darwin  derived  the  slave-making 
propensities  of  Formica  sanguinea  from  just  such  a  condition,  and 
I  still  believe,  despite  all  of  Wasmann's  arguments  to  the  contrary, 
that  there  is  considerable  truth  in  the  great  naturalist’s  phylogenetic 
hypothesis.  F.  sanguinea  is  primarily  a  predatory  ant,  in  ail  pro¬ 
bability  descended  from  forms  which  behaved  very  much  like  Eciton, 
though  it  has  now  come  to  confine  its  raids  to  certain  abundant  and 
prolific  species  of  its  own  genus  (varieties  of  F.  fusca,  cinerea,  neogagates , 
pallidefulva,  etc.).  It  still  devours  a  large  portion  of  its  larval  and 
pupal  prey. 
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we  may  turn  to  tlie  types  of  mixed  colonies,  of  which 
three  may  be  distinguished,  tliose  of  the  slave-makers,  of 
the  temporar}’  and  of  the  permanent  social  parasites. 

(i)  The  peculiar  phenomenon  known  as  slavery,  or 
dulosis,  which  occurs  in  two  genera  of  Formicinæ,  Formica 
and  Polyergus,  and  two  genera  of  Myrmicinæ,  Strongy- 
lognathus  and  Harpagoxenus,  represent  three  phylo¬ 
genetic  stages  :  a  primitive  stage  in  Formica  sanguinea 
(Fig.  51),  a  culminating  stage  in  Polyergus  (Fig.  74),  and 
a  degenerate  or  evanescent  stage  in  Strongylognathus 
(Fig.  7$a-c)  and  Harpagoxenus.  The  blood-red  slave 
maker,  Formica  sanguinea,  is  a  common  but  rather  local 
red  ant,  with  black  or  brown  gaster,  and  is  represented 
by  numerous  subspecies  and  varieties  ranging  over 
northern  Europe,  Asia  and  North  America.  It  can  be 
readily  distinguished  from  the  other  species  of  the  genus 
at  least  in  the  Old  World  and  the  Eastern  United  States, 
by  the  pronounced  notch  in  the  clypeus.  Sanguinea  is 
one  of  the  most  intelligent  of  ants  and  therefore  one  of 
the  most  interesting  to  keep  in  artificial  nests.  Its  habits 
were  first  studied  more  than  a  century  ago  by  Pierre 
Huber  (1810),  the  son  of  the  blind  François  Huber,  and 
have  ever  since  commanded  the  attention  of  myrmecolo- 
gists,  because  its  armies  of  workers  make  periodical 
forays  on  the  colonies  of  the  common  black  Formica fusca, 
carry  the  worker  larvae  and  pupae  into  their  nest  and  permit 
many  of  them  to  emerge  and  become  members  of  the 
colony.  Thus  the  colony  is  mixed,  and  the  black 
individuals,  on  account  of  their  colour  and  provenience, 
have  been  called  slaves.  It  is  evident,  however,  that 
this  term  is  inappropriate,  for  a  slave  is  "  a  man  who  is 
the  property  of  another,  politically  and  socially  at  a 
lower  level  than  the  mass  of  the  people,  and  performing 
compulsory  labour  ”  (Nieboer),  and  none  of  these 
distinctions  applies  to  the  fusca  workers  in  the  sanguinea 
nest.  They  might  more  properly  be  called  “  auxiliaries  " 
(Hilfsameisen).  At  least  one  of  the  subspecies  of 
sanguinea  {aserva)  does  not  make  slaves,  and  the  colonies 
of  some  of  the  other  forms  give  up  the  habit  after  a  time. 
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for  the  sangtiinea  colony,  when  once  established,  is  quite 
able  to  lead  an  independent  life.  Darwin  and  others 
offered  various  explanations  of  the  peculiar  slave-making 
habit  of  sanguinea,  but  its  meaning  remained  obscure 
till  I  discovered  (1905,  1906,  19076,  1908c),  that  it  had 
its  origin  in  the  behaviour  of  the  young  queen.  She  is 
quite  unable  to  found  a  colony  independently  and  there¬ 
fore,  after  her  marriage  flight,  may  adopt  one  of  three 
courses  :  she  may  return  to  the  nest  in  which  she  was 
reared  or  enter  some  other  sanguinea  nest,  or  she  may 
invade  a  nest  of  Formica  fusca.  As  the  first  and  second 
courses  are  sometimes  adopted  by  other  ants  and  do  not 
lead  to  the  formation  of  mixed  colonies,  they  need  no 
further  consideration  in  this  place  and  we  may  confine 
our  attention  to  the  last.  As  soon  as  the  sanguinea  queen 
invades  a  fusca  colony,  she  becomes  greatly  excited  and 
interested  in  the  brood,  seizes  and  collects  in  a  pile  as 
many  pupæ  as  she  can  snatch  up  and  mounts  guard  over 
them.  She  slays  any  fusca  workers  that  are  bold  enough 
to  attempt  to  regain  their  property  and  is  therefore  soon 
left  in  undisputed  possession  of  her  plunder.  Eventually 
fusca  workers  emerge  from  the  cocoons  and  at  once 
assume  a  friendly  attitude  towards  the  queen,  feed  her  by 
regurgitation  and  behave  towards  her  as  if  she  were  their 
own  mother.  She  begins  to  lay  eggs  and  the  resulting 
larvæ  are  fed  and  reared  by  the  black  workers,  so  that 
when  the  sanguinea  workers  emerge  a  mixed  colony  is 
estabhshed.  These  workers  show  that  they  have  inherited 
their  mother’s  proclivities  by  kidnapping  the  brood  of 
neighbouring  fusca  colonies,  but  they  do  this  as  an  army 
and  carry  the  fusca  brood  to  their  nest.  In  some  colonies, 
as  I  have  stated,  this  kidnapping,  or  slave-making 
proclivity  may  disappear  after  a  time,  and  in  aserva  it 
seems  to  lapse  very  early  or  perhaps  is  not  even  inherited 
by  the  workers.  In  such  cases,  therefore,  the  personnel 
of  old  colonies  may  be  made  up  entirely  of  sanguinea 
after  the  batch  of  fusca  workers  kidnapped  and  reared 
by  the  queen  has  died  of  old  age. 

The  behaviour  which  I  have  observed  in  the  young 
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queens  of  the  American  subspecies  of  sanguinea  was  later 
shown  to  be  exhibited  also  in  the  typical  European  form 
by  Viehmeyer  (1908,  1909,  1910a,  1910&,  1910c),  Was- 
mann  (19086,  1909c,  19106)  and  Donisthorj)e  (1910,  1911). 
It  is  evident  that  slavery  is  at  bottom  a  form  of  predatism 
and  has  its  origin  in  the  inability  of  the  young  queen  to 
establish  a  colony  without  the  aid  of  workers.  Unhke 
the  great  majority  of  ant-queens,  she  has  been  unable 
to  store  enough  food  in  her  body  to  stand  the  strain  of 
long  fasting  and  nourishing  her  first  brood.  In  another 
sense,  she  is,  of  course,  a  parasite  and  the  fusca  workers 
represent  the  host.  Owing  to  the  fact  that  the  colony 
may  eventually  cease  to  increase  its  worker  personnel 
by  the  kidnapping  of  fusca  brood,  we  may  call  this  type 
of  slavery  temporary,  acute,  or  facultative. 

(2)  The  species  of  Polyergus,  or  “  amazons  ”,  as  they 
were  called  by  Pierre  Huber  (1810),  have  much  the  same 
distribution  as  sanguinea  and  have  the  same  species  of 
Formica  as  slaves,  but  their  method  of  securing  the  latter 
is  more  highly  perfected.  The  amazons  are  very  beautiful 
red  ants  (except  the  Japanese  P.  samurai,  which  is  black) 
and  their  mandibles  are  slender  and  sickle-shaped  and 
perfectly  adapted  to  fighting,  but  of  no  use  for  digging 
in  the  earth  or  capturing  food.  Hence  these  insects  are 
unable  to  make  nests  or  even  to  feed  themselves,  or  to 
care  for  their  own  young,  but  are  absolutely  dependent 
on  their  slaves.  Like  sanguinea  the  amazons  make 
periodical  forays,  which  for  some  reason  are  always 
carried  out  in  the  afternoon,  but  their  armies  show  a 
more  highly  perfected  tactical  organization  and  the 
subjugation  and  plundering  of  the  fusca  colonies  are 
effected  with  much  greater  dispatch  and  precision — one 
might  say,  with  the  most  consummate  éclat.  At  the 
approach  of  the  amazons  the  fusca  workers  usually  flee 
in  dismay,  but  if  they  offer  any  resistance  the  amazons 
pierce  their  heads  with  the  sickle-shaped  mandibles. 
The  young  workers  on  emerging  from  the  kidnapped 
pupae  excavate  the  nest,  feed  the  Polyergus  and  bring  up 
their  brood  but  do  not  accompany  the  armies  on  their 
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raids.  The  initial  stages  in  founding  the  colony  have 
been  studied  by  Emery  (1908,  içoga,  igogè,  igiia,  igiiè), 
who  found  that  the  young  Polyergus  queen  secures 
adoption  in  some  small,  weak  fusca  colony  after  killing 
its  queen  by  piercing  her  head.  She  then  produces  her 
brood  which  will  later  make  the  slave  raids  on  the  fusca 
colonies.  Since  this  raiding  proclivity  never  lapses  even 
in  old  colonies,  Polyergus  is  to  be  regarded  as  a  permanent , 
chronic,  or  obligatory  slave-maker. 

In  Europe  there  are  several  species  of  the  interesting 
genus  Strongylognathus  (Fig.  y^a-c),  which  have  sickle¬ 
shaped  mandibles  like  Polyergus,  though  they  belong  to 
a  very  different  subfamily,  the  Myrmicinæ,  and  always 
live  in  colonies  of  the  common  pavement  ant,  T etramorium 
cœspitum  (Fig.  ySc^).  Our  fragmentary  knowledge  indi¬ 
cates  that  we  have  here  some  of  the  degenerate  or 
evanescent  stages  of  slavery.  The  workers  of  5.  rehbinderi 
and  huheri  seem  still  to  make  forays  on  Tetramorium 
colonies  and  to  carry  home  their  brood  (Forel,  igoo),  and 
Kutter  (1920,  1923)  has  recently  shown  that  alpinus,  a 
subspecies  of  huberi  which  I  discovered  some  years  ago 
(1909)  near  the  headw'aters  of  the  Visp,  within  sight  of 
the  Matterhorn,  makes  nocturnal  slave-raids  and  is 
accompanied  by  its  slaves,  which  do  most  of  the  fighting 
and  carry  home  the  brood  of  their  own  species.  In  this 
case  the  slaves  are  really  the  masters  and  seem  to  use  the 
Strongylognathus  merely  as  a  means  of  disconcerting  or 
terrifying  the  colonies  of  cœspitum  whose  brood  they  are 
bent  on  kidnapping.  Finally,  S.  testaceus,  the  best-known 
species  of  the  genus,  no  longer  makes  forays  and  is  tending 
to  lose  its  worker  caste.  Wasmann  (1891,  1915c), 
Mrâzek,  Forel  and  I  (1909),  have  found  that  colonies  of 
cœspitum  infested  by  this  species  may  retain  the  host 
queen.  In  order  to  establish  her  colony,  therefore,  the 
young  testaceus  queen  probably  associates  herself  with  a 
young,  nest-founding  cœspitum  queen.  In  the  mixed 
colonies  of  other  species  of  Strongjdognathus  and  Tetra¬ 
morium  the  host  queen  appears  to  be  eliminated  as  in  the 
colonies  of  Polyergus. 
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Yet  another  Myrinicine  genus,  llarpagoxenns,  com¬ 
prising  only  two  species,  H.  snhlœvis  of  Central  and 
Northern  Europe,  and  americanus  of  the  Eastern  United 
States,  mnst  be  included  among  the  dulotic,  or  slave¬ 
making  ants.  The  European  sublœvis  has  been  studied 
by  Adlerz  (1896)  in  Sweden,  where  it  has  only  ergatoid 
queens,  and  by  Viehmeyer  (1906,  1912,  1921)  in  Germany, 
where  it  also  has  winged  queens.  Both  of  these  in¬ 
vestigators  found  that  the  ergatoids  and  workers  break 
into  nests  of  Leptothorax  acervorum  or  muscorum,  seize 
the  brood  and  carry  it  to  their  nest.  The  behaviour  of 
the  Harpagoxenus,  according  to  Viehmeyer,  is  similar  to 
that  of  Polyergus  and  indicates  a  like  absolute  dependence 
on  the  slaves.  He  describes  the  method  of  colony 
formation,  which  resembles  that  of  sanguinea,  as  follows  : 
“  As  in  all  parasitic  ants  the  founding  of  the  colony  is  of 
the  dependent  type.  It  probably  takes  place  during  the 
slave-raids.  The  ergatoid  females  participate  in  these 
forays  and  remain  behind  in  the  plundered  nest  in  order 
to  rear  for  themselves  a  first  batch  of  auxiliaries  from  a 
few  of  the  Leptothorax  pupae  that  have  been  left  or  have 
fallen  to  their  share.  Twice  I  found  such  newly  established 
colonies  (Dresden,  1908  and  Oberrittergriin,  1915).  They 
consisted  of  a  solitary  worker-like  female,  with  in  the  one 
case  a  single,  in  the  other  two  Leptothorax  workers  and 
some  brood  of  the  auxiliaries.  Moreover,  it  is  proved  by 
experiment  that  an  isolated  female  may  be  successful  in 
plundering  a  nest  and  robbing  pupæ.  But  in  the  case  of 
ergatoid  females  this  type  of  founding  a  colony  is 
improbable  since  the  outcome  must  be  easily  frustrated 
compared  with  the  founding  of  a  colony  during  a  foray. 
The  two  colonies,  furthermore,  had  the  appearance  of 
having  been  established  in  plundered  nests  ”. 

Harpagoxenus  americanus  was  discovered  by  Pergande 
in  a  nest  of  Leptothorax  curvispinosus  at  Washington,  D.C. 
and  described  by  Emery  in  1895.  In  1906  I  i)ubfished  a 
few  notes  on  three  mixed  colonies  of  the  same  ants  found 
in  elder  twigs  at  Bronxville,  N.Y.  In  1925,  Sturtevant 
discovered  a  mixed  colony  in  an  oak  gall  on  Naushon 
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Island,  Massachusetts.  More  recently  (1927)  this  in¬ 
vestigator  and  Creighton  (1927)  have  been  able  to  make 
so  many  observations  on  H.  americanus  that  we  have 
suddenly  acquired  a  better  knowledge  of  its  behaviour 
than  of  that  of  the  European  siiblcevis.  In  two  localities 
in  New  Jersey,  Sturtevant  discovered  some  seventeen 
colonies,  in  most  of  which  the  yellow  L.  curvispinosus 
was  the  host,  but  occasionally  this  rôle  was  assumed 
by  the  black  L.  longispinosus.  His  experiments  show  that 
the  behaviour  of  the  parasite  is  very  much  hke  that  of 
suhlœvis.  The  queens  are  winged  and  oceUate  ;  ergatoid 
individuals  are  rare.  Creighton’s  field  observations  on  a 
number  of  colonies  were  made  at  Tuxedo,  New  York. 
In  this  locality  the  common  host  of  americanus  was 
L.  longispinosus.  though  one  unusually  large  colony 
contained  both  hosts,  as  I  had  found  in  a  single  colony  at 
Bronxville.  He  summarizes  his  conclusions  on  the  method 
of  colony  formation  and  the  slave  raids,  which  as  in 
Polyergus  are  conducted  during  the  afternoon  hours,  as 
follows  : 

“  While  much  remains  to  be  done  it  is  now  possible  to 
sketch  the  ethology  of  H.  americanus  ;  a  hasty  sketch 
to  be  sure,  with  many  missing  features  hypothetically 
supphed,  but  at  least  a  beginning.  In  this  picture  we  see 
the  fertilized  Harpagoxenus  queen  entering  a  Leptothorax 
nest  by  force.  Having  driven  away  or  kiUed  the  original 
owners  of  the  brood  she  appropriates  this,  tends  it  and  is 
in  turn  tended  by  the  resulting  Leptothorax  workers, 
until  in  time  there  arises  a  mixed  colony.  Wlien  the 
colony  is  well  estabhshed  the  dulotic  instinct  manifests 
itself  in  the  Harpagoxenus  workers.  These  gain  entrance 
to  some  Leptothorax  nest  after  a  long  struggle  in  which 
their  greater  hardiness  and  superior  size  finally  enable 
them  to  kill  or  intimidate  the  Leptothorax  workers.  If 
the  external  conditions  are  favourable,  the  raid  is  carried 
to  a  successful  conclusion  and  the  brood  of  the  pillaged 
nest  is  carried  back  to  the  mixed  colony.  If  the  return  of 
the  raiders  is  rendered  impossible  then  a  fragmentary 
Harpagoxenus-Leptolhorax  colony  results. 


l':\’OLU'l  ION  OF  THE  SOCIAL  PARASITES  291 

I  he  slave  raids  of  Harpagoxenus  sliow  none  of  (lie 
organization  and  spirit  so  characteristic  of  tliose  of 
I  olycrgiis.  1  hey  fall  far  short  even  of  the  lesser  degree 
of  co-operation  exhibited  by  F.  sangiiinea.  Nevertheless 
they  are  of  great  interest,  since  they  appear  to  be  the  last 
manifestation  of  a  vanishing  character.  They  show  the 
decay  of  dulosis  and  foreshadow  a  state  of  abject 
parasitism.  During  the  progress  of  a  raid  the  Harpa- 
goxemis  workers  and  their  slaves  cluster  about  the 
entrance  of  their  nest  in  a  manner  suggestive  of  Polyergus 
but  with  this  the  similarity  ends.  There  is  no  rapidly 
moving  phalanx  of  raiders,  no  concentration  about  the 
entrance  of  the  raided  nest,  no  frantic  activity  to  enlarge 
the  entrance.  The  Harpagoxenus  leave  their  nest  singly 
and  amble  aw'kwardly  and  uncertainly  to  the  nest  of  their 
victims.  Only  once  did  I  see  more  than  one  Harpagoxenus 
leave  the  nest  at  the  same  time.  On  one  occasion  a 
column  of  three  departed  for  the  Leptothorax  nest. 
However,  this  column  broke  up  almost  at  once  and  w'as, 
I  believe,  purely  fortuitous.  On  arriving  at  the  Lepto¬ 
thorax  nest,  the  Harpagoxenus  w'astes  no  time  in 
preliminaries  but  enters  at  once.  Having  secured  a  larva 
or  pupa  it  emerges  as  quietly  as  it  entered  and  returns 
with  its  burden  to  its  own  nest.  Quite  often  they  lose 
their  way  and  I  have  seen  a  number  of  them  captured  by 
small  spiders  wdiile  raiding.  The  action  of  Harpagoxenus 
after  it  enters  the  raided  nest  could  not,  of  course,  be 
followed  in  the  field.  How^ever,  observation  of  ants  in 
artificial  nests  show's  that  the  brood  is  obtained  by  force 
and  not  by  stealth,  although  indeed,  the  action  of  the 
Leptothorax  during  a  raid  furnishes  ample  evidence  that 
this  is  the  case.” 

(2)  ^9*^4  I  detected  another  method  of  forming 

mixed  cc»lonies,  which  I  called  temporary,  although  it 
might  ha\'e  been  called  acute,  or  ‘‘  protelian  ”,  to  use 
CauUery’s  term  (1922),  social  parasitism.  It  is  practised 
by  a  number  of  species  belonging  to  at  least  three  of  the 
subfamilies  of  ants  ;  several  Formicæ  and  Lasii  among  the 
hormicinæ,  certain  species  of  Bothriomyrmex  among  the 
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Dolichoderinæ  and  a  few  species  of  Aphænogasrer  and 
Crematogaster  among  the  Myrmicinae.  I  first  detected 
it  in  Formica  consocians,  a  member  of  a  group  of  species 
{microgyna  group)  represented  only  in  North  America 
and  characterized  by  having  very  smaU  queens  (Fig.  76), 
often  smaller  or  no  larger  than  the  largest  workers  and 
sometimes  of  a  very  different  colour  and  pilosity — red  or 
yellow,  with  long  golden  hairs.  These  characters  are  very 
significant  since  they  are  precisely  those  of  symphihc 
myrmecophiles.  The  young  queen  of  these  ants  enters 
the  nest  of  another  Formica  belonging  to  the  fusca  or 
pallidefulva  group  and  is  very  apt  to  be  adopted,  probably 
on  account  of  her  small  size  and  attractive  odour.  The 
fate  of  the  host  queen  in  such  invaded  nests  has  not  been 
ascertained,  but  she  is  probably  killed  by  her  own  workers. 
The  parasite  then  proceeds  to  produce  her  brood,  which  is 
reared  by  the  host  workers,  and  a  mixed  colony  results. 
As  there  is  no  inclination  on  the  part  of  the  queen’s 
offspring  to  plunder  other  nests  of  the  host  species,  and 
as  all  the  host  workers  naturally  die  off  in  the  course  of  a 
few  years,  a  pure  colony  of  the  parasitic  species  is  left 
behind  and  may  grow  to  be  very  populous  and  aggressive 
— a  beautiful  analogue  of  some  human  institutions,  which 
after  starting  in  humble  and  cringing  parasitism  have 
come  to  acquire  during  the  centuries  a  most  exuberant 
and  insolent  domination.  Subsequently  this  same  type 
of  temporary  parasitism  was  detected  in  two  other  groups 
of  which  F .  rufa  and  exsecta  are  the  types.  These  ants 
[F.  rufa,  pratensis,  ohscuripes,  exsectoides)  often  make 
mound  nests  of  considerable  size  in  Europe  and  North 
America.  Their  method  of  colony  formation  has  been 
studied  by  Wasmann,  Viehmeyer  (igo8),  Donisthorpe 
(1909,  etc.).  Brun  (1910,  1912a,  19126,  1913a,  19136, 
1924),  Crawley  and  Donisthorpe  (1913),  Kutter  (1913a, 
19136,  1917),  Tanquary  (1911),  myself  (1908c,  1909)  and 
others.* 

Ï  More  than  twenty  species  of  Formica  of  the  rufa,  exsecta  and 
microgyna  groups,  with  a  large  number  of  sub-species  and  varieties 
may  now  be  regarded  as  temporary  social  parasites  on  species  and 
varieties  of  the  fusca  and  pallida-fnlva  groups. 
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It  has  also  been  found  that  the  various  subspecies  and 
varieties  of  Lasiiis  iimbratus  in  Europe  and  North  America 
are  teniporar}’ social  parasites  of  A.  niger  and  its  varieties 
(Crawley,  1909,  Crawley  and  Donisthorpe,  1913,  Was- 
mann,  19096,  I923fl,  Tanquary,  1911,  Wheeler,  1917a, 
Riischkamp,  1924)  and,  what  is  more  remarkable,  the 
aberrant  European  Last  us  {Dendrolasius)  fuliginosus  has 
been  proved  to  found  its  colonies  with  the  aid  of  umbratus 
or  bicoryiis  workers  (Donisthorpe,  1897,  1922,  etc., 
Crawley,  1910,  Crawley  and  Donisthorpe,  1913,  de 
Lannoy,  1908,  Forel,  1908,  Emery,  1908a,  Wasmann, 
19096,  Bonner,  1915,  Lomnicki,  1922).  L.  fuliginosus  is, 
therefore,  a  temporary  social  hyperparasite.  Tanquary 
observed  the  adoption  of  a  L.  umbratus  minutus  queen  by 
a  colony  of  L.  niger  var.  americanus  and  I  was  able  in  1917 
to  observe  numerous  young  queens  of  L.  umbratus 
subumbratus  in  the  act  of  hunting  out  colonies  of  L.  niger 
var.  neomger  and  sitkaensis  and  securing  adoption  in 
them  at  an  altitude  of  9,000  feet  at  Cloudcroft  in  the 
Sacramento  Mountains  of  New  Mexico.  The  female 
subumbratus  is  covered  with  long,  yellow  pile  and  has  a 
dehcate  and  pecuhar  odour.  A  similar  pilosity  is  also 
observ'ed  in  the  female  of  L.  ciliatus  of  Cashmir,  which  is 
therefore  in  all  probability  a  temporary  social  parasite. 
Our  North  American  L.  {Acanthomyops)  latipes  and 
murphyi,  the  females  of  which  have  a  dense  golden 
trichome-like  pilosity,  are,  perhaps,  temporary  parasites 
of  hyperparasites  on  some  of  our  forms  of  L.  niger  or 
umbratus. 

The  precise  fate  of  the  host  queen  in  the  mixed  colonies 
of  Lasius  has  not  been  ascertained,  but  the  niger  queen  is 
probably  killed  by  the  umbratus  queen.  In  the  case  of 
Bothriomyrmex  decapitans  the  massacre  of  the  host  queen 
has  actually  been  observed  by  Santschi  (1906,  1920)  in 
Tunis.  The  young  queen,  on  descending  from  her 
marriage  flight,  wanders  about  on  the  ground  till  she 
finds  the  nest  of  a  Tapinoma  mgerrimum  colony,  when 
she  permits  herself  to  be  seized  and  “  arrested  ”  by  its 
workers.  Ihese  then  proceed  to  drag  her  into  their 
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burrow  by  her  legs  and  antennae.  After  entering  the  nest 
the  parasite  may  be  attacked  from  time  to  time  by  the 
workers,  but  she  takes  refuge  on  the  brood  or  on  the  back 
of  the  large  Tapinoma  queen.  In  either  of  these  positions 
she  seems  to  be  quite  immune  from  molestation,  probably 
because  her  own  odour  is  overlaid  by  that  of  the  brood 
or  the  host  queen.  Santschi  observed  that  the  parasite 
often  spends  long  hours  on  the  back  of  the  Tapinoma 
queen  and  that  while  in  this  position  she  busies  herself 
with  sawing  off  the  head  of  her  host  !  By  the  time  she 
has  accomphshed  this  cruel  feat,  she  has  acquired  the 
nest-odour  and  is  adopted  by  the  Tapinoma  workers  in 
the  place  of  their  unfortunate  mother.  The  parasite 
thereupon  proceeds  to  keep  them  busy  bringing  up  her 
brood.  They  eventually  die  of  old  age  and  the  nest  then 
becomes  the  property  of  a  thriving,  pure  colony  of 
Bothriomyrmex  decapitans. 

(3)  No  less  than  fourteen  genera  and  seventeen  species 
of  ants,  from  various  parts  of  the  world,  may  be  classed 
as  permanent,  or  chronic  social  parasites.  They  have  aU 
completely  lost  the  worker  caste  so  that  in  this  respect 
they  closely  resemble  Vespa  austriaca  and  arctica  and  the 
species  of  Psithyrus.  We  may  distinguish  two  types 
among  these  permanent  parasites,  those  in  which  the  male 
and  female  are  similar  in  size  and  structure  and  of  normal 
habitus,  i.e.,but  little  modified  (Epipheidole,  Sympheidole, 
WheelerieUa,  Epœcus,  etc.)  and  those  in  which  one  or 
both  sexes  show  distinct  degenerative  modification 
(Anergates,  Anergatides,  Bruchomyrma).  The  young 
queens  enter  the  nests  of  other  ants  and  secure  adoption, 
hke  the  queens  of  the  temporary  social  parasites.  The 
host  queen  seems  to  be  regularly  assassinated  by  her  own 
workers.  At  least  this  has  been  observed  by  Santschi 
(Forel,  1906)  in  the  case  of  WheelerieUa  santschii  (Fig.  77), 
which  lives  in  the  nests  of  the  common  North  African 
Monomoriuni  salomonis.  After  fecundation  the  Wheeler- 
iella  queen  roams  about  over  the  surface  of  the  soil  in 
search  of  a  Monomorium  nest.  When  near  the  entrance 
of  one  of  them  she  is  “  arrested  ”,  to  use  Santschi’s 
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expression,  b}'  a  band  of  Mono  mo  r  in  m  workers,  which 
tug  at  her  legs  and  antennae  and  draw  her  into  the  galleries. 
Sometimes  she  may  be  seen  to  dart  suddenly  into  the 
entrance  of  her  own  accord  and  is  arrested  within  the  nest. 
1  here  are  no  signs  of  anger  on  the  part  of  the  Mono- 
morium,  and  she  is  soon  permitted  to  move  about  the 
galleries  unmolested.  The  workers  then  begin  to  feed 
and  adopt  her  and  in  the  course  of  a  few  days  she  lays 
her  first  eggs,  which  are  accepted  and  cared  for  by  the 
host.  Ihe  parasite  pays  no  attention  to  the  much  larger 
Monomorium  queen,  but  the  latter  is  eventually 
assassinated  by  her  own  workers.  Other  species,  like  the 
famous  Anergates  atratuhis  (Fig.  78)  of  Europe,  the  recently 
discovered  Anergatides  koJili  (Wasmann,  1915^)  of  the 
Congo  and  Bmehomyrma  actiiidens  of  the  Argentine 
(Santschi,  1922)  are  much  more  highly  modified  and 
represent  the  last  stages  of  parasitic  degeneration.  In 
Anergates,  which  lives  with  Tetramorium  cœspitum  and 
has  been  studied  by  a  number  of  investigators,  the  queen 
is  small  and  winged,  but  after  dealation  and  adoption 
her  gaster  swells  enormously  with  eggs  till  she  somewhat 
resembles  an  old  termite  queen.  The  male  is  wingless 
and  pupa-like  and  unable  to  leave  the  nest.  Mating 
therefore  takes  place  between  brothers  and  sisters 
("  adelphogamy  ”  of  Forel).  The  conditions  in  Aner¬ 
gatides  and  Bruchomyrma  which  live  in  the  nests  of 
Pheidole  species,  are  somewhat  similar.  In  all  these 
workerless  parasites  the  offspring  of  the  intrusive  queen 
are,  of  course,  all  males  and  females  and  are  produced 
during  the  lifetime  of  the  host  workers.  The  colonies  are 
therefore  mixed  throughout  their  existence  which  is 
necessarily  terminated  by  the  death  of  the  host. 

Although  the  foregoing  account  of  the  various  forms 
of  social  parasitism  has  been  greatly  condensed  in  order 
to  bring  it  within  the  compass  of  a  single  lecture,  but 
little  space  remains  for  a  few  concluding  remarks.  It 
will  be  noticed  that  all  the  hosts  are  very  abundant, 
widely  distributed  and  therefore  dominant  species.  This 
is  particularly  true  of  hornnea  fusca,  Tetramorium 
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cœspitum,  Tapinoma  nigerrimum,  Monomorium  salomonis, 
Leptothorax  acervorimt,  etc.  Nearly  all  the  hosts,  more¬ 
over,  produce  large  colonies  because  they  have  prohfic 
queens  and  workers  that  are  very  successful  in  rearing 
the  brood.  The  parasites  themselves,  on  the  contrary', 
are  very  rare  or  sporadic.  This  is  noticeably  the  case 
with  the  degenerate  slave-makers  and  workerless  perma¬ 
nent  parasites,  some  of  which  are  among  the  rarest  of 
ants.  During  more  than  forty  years  Forel  succeeded  in 
finding  only  a  few  colonies  of  Anergates  atratulus  in 
Switzerland,  which  has  a  rather  exuberant  ant  fauna, 
and  the  species  was  only  recently  discovered  in  Great 
Britain.  The  North  American  Epœcus  pergandei  was 
taken  once  many  years  ago,  and  neither  Mann  nor  I  have 
been  able  to  find  it  again,  though  we  have  examined 
hundreds  of  colonies  of  its  host,  the  common  Monomorium 
minimum.  Nearly  all  the  other  permanent  parasites  are 
known  only  from  specimens  taken  in  single  colonies  of 
abundant  hosts.  It  will  also  be  noticed  that  some  of  the 
latter,  e.g.,  Formica  fusca  and  Tetramoriiim  cœspitum  are 
parasitized  by  several  species  of  ants.  It  is  also  true  that 
only  the  ants  which  form  vigorous  colonies  and  belong 
to  dominant  species  harbour  myrmecophiles  in  any 
number  or  variety.  This  peculiar  susceptibilit}^  to 
parasitic  infection  on  the  part  of  vigorous  species  of 
Formicidæ  is  interesting  in  connection  with  the  similar 
conclusions  of  Raines  (1922)  on  the  relation  between 
vegetative  vigour  of  plant  hosts  and  their  susceptibihty 
to  diseases.  He  says  :  “  While  the  claim  that  increased 
vigour  of  the  host  means  greater  susceptibility  to  an 
infection  may  appear  somewhat  anomalous  from  the 
point  of  view  of  current  theories  regarding  the  infectious 
diseases,  observations  such  as  form  the  subject  of  the 
present  paper  are  readily  understood  when  we  consider 
the  infectious  diseases  in  the  light  of  the  larger  class  of 
biological  phenomena  of  which  they  are  an  artificially 
selected  group — namely,  parasitism,  commensahsm,  and 
symbiosis,  the  class  of  biological  phenomena  in  which 
one  organism  lives  within,  and  derives  its  sustenance 
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from,  the  tissues  of  another  living  organism.  In  each  of 
the  four  main  groups  of  parasitic  organisms — the  bacteria, 
the  protozoa,  the  worms,  and  the  fungi — a  series  of 
intergradations  are  to  be  observed  in  the  physiological 
interrelations  of  host  and  parasite,  from  the  increasing  and 
violent  struggle  that  continues  until  the  destruction  of 
one  or  other  of  the  principals,  to  a  relation  of  a  more 
benign  tj^pe  characterized  by  great  subordination  and 
even  tendency  to  usefulness  on  the  part  of  the  parasitic 
organism,  and  by  the  utmost  tolerance  on  the  part  of 
the  host'.  In  many  instances  the  nature  of  the  reaction 
is  not  constant,  but  varies  with  the  progress  of  the  host- 
parasite  relation.  In  this  intergrading  series  of  possible 
host-parasite  relations,  the  inverse  relation  between  host 
vigour  and  parasite  virulence  obtains  only  in  the  instances 
and  phases  where  the  reaction  of  the  host  to  the  parasite 
is  one  of  active  antagonism  ;  here  a  more  vigorous  host 
means  a  host  of  greater  physiological  capacity  to  combat 
the  progress  of  the  invader.  But  when  the  relation 
between  host  and  parasite  is  of  a  symbiotic  type,  a  more 
vigorous  host  means  a  host  in  which  more  food  is  available 
for  the  development  of  the  parasite.  .  In  the  group  of  the 
fungi  the  transitionfrom  violent  and  destructive  parasitism 
to  parasitism  of  the  symbiotic  type  is  accompanied  by  a 
transition  from  facultative  to  obligate  parasitism,  as  if 
the  physiological  corollary  of  parasitism  of  the  latter  type 
is  extreme  specialization  in  food  preferences.  The  series 
in  the  fungi  grades  from  violent  and  destructive  parasites 
like  Botrytis,  on  the  one  hand,  to,  on  the  other  hand,  so 
benign  an  infestation  as  the  seed  fungus  of  Loliiim 
temulentum  (described  by  Freeman,  1903)  in  which  the 
relation  is  so  intimate  and  devoid  of  any  untoward  effect 
on  the  host,  and  the  life  history  of  the  cohabiting  organism 
is  so  parallel  with  that  of  the  grass  that  its  distinct 
individuality  is  almost  open  to  question  ”. 

Raines’  remarks  are  very  suggestive  also  in  connection 
with  the  much-discussed  question  of  the  phylogenetic 

•  These  various  unstable  relationships  are  beautifully  shown  in  a 
recent  detailed  study  of  Mycorrhiza  by  Melin  (1925). 
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relations  of  the  three  types  of  behaviour  exhibited  by  the 
dulotic,  temporary  and  permanent  social  parasites  among 
the  ants.  They  obviously  form  a  series  comparable  with 
the  predatory  (synechthran),  synceketic  and  symphilic 
series  among  the  myrmecophiles  and  the  ants  which 
form  compound  nests  with  other  Formicidae.  AU 
investigators  agree  that  the  workerless,  permanent 
parasites  represent  the  final,  degenerate  and  evanescent 
evolutionary  stage  in  the  series  of  social  parasites,  but 
opinions  are  divided  in  regard  to  the  initial,  or  primitive 
stage.  Wasmann  and  Piéron  (1910)  contend  that  it  is 
represented  by  the  temporary  parasites  and  would  derive 
their  behaviour  from  that  of  queen  ants  which,  after 
fecundation,  seek  and  secure  adoption  in  colonies  of  their 
own  species  (secondary  pleomet rosis).  From  temporary 
parasitism,  according  to  these  authors,  both  the  dulotic 
and  permanently  parasitic  behaviour  are  to  be  derived. 
Viehmeyer,  Emery,  Brun  and  I  contend,  however,  that 
predatory  behaviour  of  the  type  exhibited  by  Formica 
sanguinea  more  probably  represents  the  initial  stage  and 
that  the  conciliatory,  temporary  and  finally  abject, 
permanent  parasitism  represent  natural  ulterior  develop¬ 
ments  of  this  violent,  or  aggressive  relation  between  host 
and  parasite.  This  contention  is  supported,  first,  by  the 
general  considerations  that  parasitoidism  and  parasitism 
are  evidently  derived  from  predatism  among  a  great  many 
soHtary  insects  and  that  this  sequence  obtains  also  among 
the  myrmecophiles,  the  social  parasites  among  bees,  and 
degenerate  slave-makers  (e.g.  Strongylognathus),  the  ants 
which  form  compound  nests,  etc.  ;  and  second  by  the 
more  special  consideration  that  the  queens  of  certain 
temporary  parasites,  with  large  queen,  e.g.,  Formica 
rufa,  sometimes  behave  like  F.  sanguinea  when  establish¬ 
ing  their  colonies  and  that  the  species  with  small  queens, 
red  or  yellow  colouration  and  trichomes,  are  obviously 
derived  forms. 

The  host  and  parasite  relations  above  considered  also 
have  an  important  bearing  on  Wasmann’s  “  amical 
selection  ”  and  “  symphihc  instincts  ”.  It  must  be 
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admitted  that  the  temporary  and  permanent  parasites 
and  at  least  most  of  the  dulotic  species  (Strong}  lognathus, 
Polyergiis,  Llarpagoxenus)  behave  like  S3'mphilic  myrme- 
cophiles,  since  they  likewise  exploit  the  philoprogenitive 
proclivities  of  their  hosts  and  enter  into  trophallactic 
relations  with  them.  We  have  seen  that  some  of  the 
temporary  parasites  have  actually  acquired  symphihc 
characters  (small  stature,  red  or  yeUow  colouration, 
trichomes,  .supplicatory  or  conciliatory  behaviour). 
Moreover,  the  permanent  parasites,  which  have  lost  their 
worker  caste  are  therefore  really  sohtary  insects  and  may 
be  regarded  as  sj'mphiles.  The  enormous  disparity 
between  the  abundance  of  these  parasites  and  that  of 
their  hosts,  shows  clearly  that  the  former  cannot  owe 
their  pecuharities  to  amical  selection  on  the  part  of  the 
latter,  and  the  fact  that  the  parasites  actually  castrate 
or  lead  to  castration  of  the  colonies  which  they  infest  and 
never  tolerate  the  rearing  of  male  offspring  of  the  host 
workers,  proves  that  there  can  be  no  hereditary  basis  for  the 
development  of  symphilic  instincts  on  the  part  of  the 
host  species.  As  in  the  case  of  the  myrmecophiles,  the 
peculiar  adaptations,  both  structural  and  behaviouristic, 
to  particular  hosts,  are  therefore  initiated  and  developed 
entirely  by  the  social  parasites  themselves  and  there  is 
nothing  to  indicate  that  these  adaptations  require  any 
fundamentally  different  biological  explanation  from  those 
which  have  been  advanced  for  the  countless  cases  of 
parasitism  among  solitary  insects,  other  animals,  or  plants. 
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CONCLUSION 

If  the  conclusions  reached  in  the  preceding  lectures  are 
correct,  it  is  possible  to  sketch  in  rough  outlines  the 
probable  course  of  evolution  of  the  truly  social  insects 
belonging  to  the  order  Isoptera  and  the  suborder  Aculeata 
among  the  Hymenoptera.  We  have  seen  that  the  former 
arose  among  the  Protoblattoids,  possibly  as  early  as 
Permian  times  and,  after  passing  through  primitive  stages 
like  those  of  existing  Mastotermitidæ  and  Calot ermit id æ, 
culminate  in  the  speciahzed  and  exuberant  Ethiopian  and 
Oriental  Termitidse.  That  the  character  and  direction  of 
Isopteran  evolution  as  a  whole  has  been  in  the  main 
determined  by  their  peculiar  food  is  obvious.  A  diet  of 
cellulose  or  humus  is  responsible  for  their  most  striking 
pecuharities — their  defenceless  integument,  their  micro- 
phthalmy  and  photophobia,  their  architectural  employ¬ 
ment  of  their  own  fæces,  their  trophallactic  relations  with 
one  another,  the  employment  of  symbiotic  protozoa  in 
the  digestion  of  cellulose,  etc.  Only  the  highest  termites 
have  acquired  a  new  habit,  that  of  cultivating  and  eating 
fungi,  a  habit  also  intimately  connected  with  their 
pecuhar  cellulose  environment  and  diet.  The  choice  of 
an  abundant  but  rather  indigestible  food  and  confinement 
in  small  hard-w'alled  cavities  led  to  a  prolongation  of  life 
as  in  many  other  wood-boring  insects  and  a  tendency  to 
congregation  of  the  adults  and  an  affiliation  of  the  parents 
and  offspring.  We  observe  similar,  though  feebler  and 
subsocial  developments  among  many  Coleoptera  of  the 
families  Ipidæ  (Scolytidæ),  Platypodidæ  and  Passalidæ, 
in  Phrenapates  among  the  Tenebrionidæ  and  Parandra 
among  the  Cerambycidae. 
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The  evolution  of  the  social  Aculeata  exhibits  a  much 
greater  diversification,  intensity  and  acceleration  of 
adaptive  radiation.  We  have  traced  them  back  to 
Bethyloid  ancestors,  which  were  derived  from  primitive 
Terebrants,  in  turn  descended  from  unknown  Phytophaga. 
The  early  Vespoidsand  Sphecoids  presumably  arose  among 
the  Bethyloids,  now  a  highly  diversified  complex  of  small 
archaic  forms.  The  bees,  culminating  in  the  social 
Apinae  certainly  had  Sphecoid  ancestors  and  the  social 
Vespidæ  and  Formicidae  may  be  safely  derived  from 
primitive  Vespoids.  Here,  too,  as  among  the  Isoptera, 
the  character  of  the  food  has  been  a  determining  factor  in 
the  evolution,  together  with  the  initiative  and  independ¬ 
ence  of  the  female  sex.  This  independence  in  turn 
naturally  resulted  from  the  possession  of  a  highly 
specialized  spermatheca,  requiring  only  a  single  act  of 
fecundation  and  permitting  long  retention  of  the  sperm 
in  a  living  condition.  The  evolution  of  the  Hymenoptera 
begins  with  forms  like  the  Permian  Protohymenoptera, 
discovered  by  Tillyard  and  related  to  our  modern 
Mecoptera,  a  group  which  had  much  greater  evolutionary 
potentialities  than  the  Protoblattoidea,  and  led  to  the 
leaf-and  wood-eating  Phytophaga.  Some  of  these,  like 
the  Oryssidae,  became  parasitoidal  and  thus  opened  the 
way  for  the  extraordinary  efflorescence  of  the  Terebrantia, 
all  except  a  few  families  of  which  (Cynipidæ,  certain 
Chalcidoidea)  have  retained  entomophagous  habits.  The 
Bethyloidea  have  preserved  essentially  the  same  habits, 
but  some  of  the  genera  (Bethylus,  Scleroderma)  became 
more  plastic  and  established  more  intimate  relations 
between  the  mother  and  her  offspring.  The  primitive 
Vespoids  and  Sphecoids  exhibit  practically  the  same 
behaviour  as  the  Bethyloids,  but  with  the  increase  in  the 
number  of  flowering  plants  during  the  Cretaceous,  some 
of  the  groups  (Apidae,  Masarinæ)  became  exclusively, 
others  (during  the  adult  stage)  partially  anthophilous. 
Most  of  the  ants,  arising  also  from  Vespoid  (Tiphiid  or 
Scoliid)  ancestors,  are  still  entomophagous,  but  many  of 
the  genera  have  become  increasingly  vegetarian. 
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It  is  interesting  to  note  that  the  changes  of  regimen 
which  have  occurred  during  the  course  of  Aculeate 
evolution,  appear  first  in  the  adult  female  and  are  later 
transferred  to  the  larva.  Thus  among  the  Phytophaga, 
both  adults  and  young  live  on  relatively  coarse  vegetable 
food  (leaves  and  wood),  but  the  adults  of  some 
Tenthredinidae  have  become  entomophagous.  In  the 
Oryssidæ  and  Terebrantia  this  habit  has  also  been  acquired 
by  the  larva.  Among  the  Vespoids  and  Sphecoids  the 
adults  have  become  more  or  less  nectarivorous,  whereas 
in  bees  and  most  Masarinæ  the  larvae  as  well  as  the  adults 
feed  exclusively  on  nectar  and  pollen.  The  ants,  as 
previously  mentioned,  show  a  similar  tendency.  Without 
doubt  the  eating  of  nectar,  seeds,  fungi  and  honeydew, 
which  is,  of  course,  merely  plant  juices  shghtly  modified 
by  passing  through  the  intestines  of  Aphids,  Coccids,  etc., 
was  originally  confined  to  the  adult  ants.  But  some 
granivorous  species  also  feed  their  larvae  on  seeds,  and 
the  larvae  of  aU  the  mycetophagous  species  have  the  same 
diet  as  the  adults.  An  interesting  observation  com¬ 
municated  to  me  by  Mr.  W.  F.  Fiske  indicates  that  even 
the  habit  of  feeding  on  the  saccharine  excrement  of 
Homoptera  may  be  in  process  of  being  transferred  to  the 
larva.  Some  years  ago  in  British  East  Africa  he  observed 
ants  carrying  their  larvae  out  of  the  nest  and  up  a  tree 
trunk  to  the  foliage  where  they  held  them  with  their 
mouths  to  the  anal  orifices  of  plant  hce  in  order  that  they 
might  imbibe  the  honeydew  !  As  Mr.  Fiske  is  a  very 
competent  entomologist,  I  have  no  doubt  of  the  accuracy 
of  his  observation,  though  I  regret  that  he  failed  to 
preserve  specimens  of  the  ants,  which  would  have  enabled 
us  to  identify  the  species  and  to  reinvestigate  their 
astonishing  behaviour  more  readily. 

Not  the  least  interesting  result  of  our  evolutionary 
study  is  the  conclusion  that  essentially  the  same  type  of 
social  organization  and  behaviour  has  been  independently 
attained  by  at  least  a  dozen  different  groups  of  insects. 
Perhaps  there  is  no  more  striking  example  in  the  animal 
kingdom  of  what  is  called  “  convergent  ”,  or  ”  parallel  ” 
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development.  Moreover,  tlie  varions  manifestations  of 
the  societal  type  have  been  arrested  in  their  phylogcny 
at  very  different  stages  and  there  is  every  reason  to  suppose 
that  the  arrests  are  partly  due  to  a  stabihzation  or 
standardization  of  the  enviromental  conditions  and  partly 
to  a  concomitant  constitutional  standardization  or 
incapacity  for  further  development  on  the  part  of  the 
insects  themselves.  Even  the  highest  and  most  speciahzed 
forms  (ants,  termites,  honeybees)  present  the  appearance 
of  having  long  ago  completed  their  evolution.  The 
formation  of  new  varieties  and  subspecies  is  probably 
still  slowly  proceeding,  but  these  are  feeble  oscillations 
which  do  not  involve  significant  deviations  in  the  essential 
features  of  the  social  organization. 

In  former  lectures  I  occasionally  indulged  in  com¬ 
parisons  of  the  social  insects  with  man  and  I  should  like 
to  devote  a  considerable  portion  of  this  lecture  to  a  more 
serious  effort  in  the  same  direction.  This  is  not,  in  my 
opinion,  a  futile  undertaking,  although  it  can  have  only 
a  theoretical  interest.  Of  course,  innumerable  compari¬ 
sons  have  been  made  from  all  sorts  of  motives,  both 
serious  and  satirical,  and  often  on  the  basis  of  inadequate 
or  erroneous  conceptions  of  the  peculiarities  of  both 
insect  and  human  societies.  On  the  whole,  the  results 
have  been  so  unsatisfactory  that  the  sociologists  have 
turned  from  them  with  disdain.  But  although  it  must  be 
granted  that,  owing  to  his  very  pecuhar  structure, 
endowment  and  behaviour,  man  can  from  the  social 
insects  learn  nothing  that  might  be  applied  with  advantage 
to  the  solution  of  his  intricate  social  problems,  it  must  be 
remembered  that  he  will  never  cease  to  be  an  animal  and 
that  his  activities  are  broadly  and  irrevocably  grounded 
in  the  nutritional,  reproductive,  relational  and  appetitive 
functions  common  to  all  other  living  organisms.  Even 
if  the  sociologist,  therefore,  prefers  to  minimize  the 
importance  of  animal  societies  in  his  owm  studies,  the 
biologist,  who  must  always  regard  man  as  a  Primate,  is 
perfectly  justified  in  considering  his  societies  as  animal 
societies.  And  the  sociologist  has  the  less  reason  to  object 
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to  this  procedure  because,  according  to  his  own  admission, 
sociology  is  still  a  rudimental  and  speculative  science. 

(i)  The  question  as  to  whether  animal  and  human 
societies  represent  entities  or  wholes  comparable  with  but 
of  a  higher  order  than  the  individual  organism,  which  is 
known  to  be  a  colony  of  cells,  has  often  been  discussed, 
especially  by  Herbert  Spencer,  Espinas,  Haeckel,  Ribot, 
de  Lihenfeld,  De  Greef ,  Eouillée,  Novicow,  Waxweiler,  René 
Worms,  Barth,  and  others.  Recently  the  whole  subject 
has  been  submitted  to  a  searching  examination  by 
Ferrière  (1915).  Interest  has,  of  course,  centered  in 
human  society.  The  differences  between  the  latter  and 
animal  societies  are  so  great  that  many  sociologists  have 
abandoned  the  problem  as  merely  verbal  or  academic. 
Humanity  is  reaUy  a  very  intricate  association  of  groups 
held  together  in  their  cooperations  and  antagonisms  by 
activities  partly  conscious  and  partly  unconscious,  without 
definite  spatial  boundaries  but  acting  in  time  and  of  such 
a  complicated  and  mobile  character  that  each  individual 
is  simultaneously  a  functional  member  of  several  groups. 
Ferrière  therefore  declines  to  regard  human  society  as  an 
organism  in  the  static  sense,  though  he  admits  that  it  is 
organismal  in  a  dynamic  sense.  He  seems  to  obscure  the 
problem,  however,  by  neglecting  to  give  a  correct  estimate 
of  such  societies  as  those  of  the  insects.  These  are 
certainly  discrete  entities,  like  the  single  Metazoon  or 
Metaphyte  in  possessing  a  definite  boundary,  stature, 
structure  and  ontogeny  and  consisting  of  polymorphic, 
mutually  dependent  elements.  They  may  therefore  be 
called  superorganisms  and  constitute  a  very  interesting 
intermediate  stage  between  the  solitary  Metazoon  and 
human  society.  Each  insect  society  is  a  family,  like  a 
human  family  or  the  horde  which  probably  constituted 
human  society  in  its  early  postanthropoid  stage.  It 
might  be  possible  therefore  to  regard  the  human  society 
of  the  present  as  a  fusion  of  societies — a  hyper-hyper- 
organism,  or  hyperorganism  of  the  second  degree.  The 
distinction  emphasized  by  Fouillée  and  Ferrière,  that  the 
individuals  in  animal  and  human  society  retain  their 
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mobility  and  are  spatially  isolated,  whereas  the  histo¬ 
logical  elements  of  the  organism  are  fixed  and  contiguous, 
is  perhaps  not  as  significant  as  they  imagine.  The  blood- 
cells  are  also  a  part  of  the  organism  and  the  distances 
separating  the  tissue  elements  are  relative.  Even  the 
cells,  serum,  lymph,  etc.,  are  masses  of  electrons  separated 
by  distances  so  enormous  that  if  the  human  body  could 
be  compressed  till  all  its  electrons  were  in  contact  with  one 
another,  it  would  have  a  total  bulk  of  only  a  few  cubic 
millimeters.  The  interrelationships,  or  what  happens 
between  the  electrons,  atoms,  molecules,  micellae,  cells 
and  individual  organisms  is  the  significant  matter  and  it 
is  on  these  fields  between  the  elements  that  scientists  are 
increasingly  concentrating  their  attention. 

(2)  The  distinctive  characteristic  of  social  life  has  been 
differently  conceived  by  different  sociologists  :  to  Herbert 
Spencer  it  is  “  cooperation  ”  among  the  members,  to 
Tarde  (1921)  their  “  imitation  ”  of  one  another,  to 
Durkheim  (1922)  their  “  constraint  ”,  to  De  Grange 
(1923)  their  ”  accumulative  activities  ”.  Undoubtedly 
all  these  characteristics,  so  conspicuous  in  human  societies, 
can  also  be  detected  among  wasps,  bees,  ants,  and  termites. 
Imitation  and  restraint,  unless  they  be  taken  in  the  sense 
of  biological  dependence,  are  less  obvious,  but  cooperation 
and  especially  accumulation,  as  shown  in  the  hoarding 
of  foods,  the  preempting  of  territory,  i.e.,  the  trophoporic 
field  with  its  droves  of  Aphids,  Coccids,  etc.,  the  increase 
of  the  brood  and  acquisition  of  myrmecophiles,  termito- 
philes,  and  myrmecophytes,  the  construction  of  the  nest, 
etc.,  are  unmistakable.  This  very  accumulation,  follow¬ 
ing  naturally  as  it  does  from  the  activities  of  numerous 
consociated  individuals  and  leading  to  overproduction  or 
overaccumulation,  is  of  basic  importance  in  all  social  life, 
as  suggested  by  De  Grange  and  also  by  Le  Dantec  (1918). 
According  to  the  latter  :  ”  The  only  general  formula 
applicable  to  all  associations,  no  matter  what  they  are, 
is  the  following  :  in  order  that  the  association  may 
persist,  every  associate  must  derive  from  the  association 
compensating  advantages  and  even  such  as  more  than 
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make  up  for  the  inconveniences  that  result  from  the 
competition  of  specific  appetites.  At  any  rate,  so  far  as 
associations  of  free  individuals  are  concerned,  it  wiU  be 
necessary  to  estimate  the  excess  of  individual  production 
over  individual  consumption  and  not,  as  in  the  case  of 
pluricellular  individuals,  the  collaboration  of  each  cell 
in  the  labour  of  the  whole,  which  alone  is  capable  of 
assuring  the  fife  of  the  agglomeration.  It  is  mainly  in 
this  very  precise  peculiarity  that  associations  of  free 
individuals  differ  from  agglomerations  of  fixed  cells  that 
have  been  reduced  to  the  status  of  simple  histological 
elements  ”. 

Not  only  is  it  true,  as  De  Grange  says,  that  "the  first 
condition  of  the  operation  of  the  societal  process  is  the 
accumulation  of  material  products  but  also  that  the 
overaccumulation,  which  naturally  ensues,  especially  in 
human  societies  has  consequences  of  enormous  import  in 
its  reactions  on  the  individual.  The  overproduction  and 
overaccumulation  of  our  civilized  societies  are  so  enormous, 
the  products  of  our  activities,  the  excreta  of  our  social 
metabohsm  so  abundant,  not  only  in  the  form  of  material 
objects  but  also  in  the  more  intangible  form  of  mores, 
rites,  superstitions,  fashions,  laws,  institutions,  etc.,  that 
the  generations  as  they  succeed  one  another  find  living, 
to  say  nothing  of  progressing,  increasingly  difficult. 
Habituation  to  these  conditions,  moreover,  has  created  in 
us  such  a  reverence  for  the  past  and  the  old  that  though 
we  call  our  governments  monarchies,  republics,  aristo¬ 
cracies,  or  democracies,  they  might  all  be  more  properly 
called  gerontocracies.  There  is,  to  be  sure,  a  constant 
sloughing  of  the  outworn,  but  it  is  a  very  slow  process. 
From  time  to  time,  when  society  becomes  thoroughly 
auto-intoxicated  with  its  accumulations,  only  war  or 
revolution  can  break  the  crust  of  social  deposits  and  furnish 
an  opportunity  for  further  advance.  Such  unfortunate 
methods  will  probably  remain  our  sole  resource  till  we 
acquire  sufficient  knowledge  and  courage  ruthlessly  to 
“  scrap  ”,  as  we  say  in  America,  a  lot  of  our  social 
inheritances,  traditions  and  habits — till  we  decline  to 
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accord  to  the  aged,  whose  only  desire  is  to  "  sit  tight  ", 
an  undue  preponderance  in  our  affairs  and  turn  them  over 
to  the  young,  who  have  at  least  a  love  of  novelty  and 
experimentation.  To  put  it  "  crue,  nue,  verte  et  sans 
phrase  ”,  our  political  bodies,  universities,  academies, 
churches  and  other  institutions  contain  far  too  many 
old  incompetents,  and  as  Goethe  said  to  Eckermann,  our 
state  funerals  do  not  succeed  one  another  with  sufficient 
frequency.  And  the  conditions  become  the  more  intoler¬ 
able,  the  more  advancing  medical  science  prolongs  human 
hfe  and  increases  the  population  in  general  and  the 
number  of  old  fools  in  particular.^  How  differently  the 
problem  is  solved  by  the  social  insects  !  When  the 
colony  has  reached  the  acme  of  its  accumulations,  it  sends 
forth  fresh  young  individuals  to  found  new  colonies,  just 
as  the  mature  Metazoan  body  gives  off  young  germ  cells, 
and  is  left  behind  to  succumb  with  modest  resignation  and 
good  cosmic  manners.  This  method,  of  course,  does  not 
make  for  rapid  and  excessive  phylogenetic  accumulation, 
but  it  makes  for  greater  stability  over  long  periods  of 
time,  as  we  have  seen  in  the  evolution  of  the  social  insects 
from  pretertiary  to  the  present  time,  and  also  presents 
more  frequently  recurring  opportunities  for  a  certain 
number  of  new  adaptations  as  they  are  required  by  the 
very  gradually  changing  environment. 

(3)  Espinas  long  ago  divided  animal  societies  into 
nutritional  and  reproductive,  the  former  represented  by 
such  forms  as  the  Siphonophores,  the  latter  by  the  social 
insects.  The  distinction  remains  valid  to-day.  Inhuman 
societies  the  most  distinctive  activities  are  evidently 
psychical,  but  in  each  type  of  society,  the  higher  embraces 
also  the  salient  characteristics  of  the  next  lower,  as  in  the 
old  Aristotelian  schema  in  which  nutrition  is  given  as 
characteristic  of  plants,  nutrition  and  sensation  of 
animals  and  nutrition,  sensation  and  reason  of  man. 

'  This  language  is  very  shocking,  but  it  would  be  easy  to  draw 
y.P.f,  well-meaning  superannuated  reactionaries,  headed  by 

vAilliam  Jenaings  I3ryan,  who  within  recent  years  have  done  more 
arm  to  civilization  than  any  equal  number  of  criminals  one  might 
select.  ® 
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There  can  be  no  doubt  that  the  raison  d’être  of  insect 
societies  is  reproduction.  If  they  have  any  purpose  in 
nature  it  is  to  produce  as  many  young  and  as  many 
colonies  as  possible.  But  what  is  so  obviously  a  fact, 
need  not  be  described  in  teleological  language.  It 
follows,  of  course,  that  the  female  sex  is  preeminent,  and 
this  is  true  even  in  termite  societies  as  shown  by  the 
enormous  somatic  and  gonadic  development  of  the  queens 
in  the  higher  species.  The  Aculeate  societies  are  frankly 
female,  the  male  being  reduced  to  a  merely  temporary, 
fecundative  agency.  Thus  the  insect  colony,  both  in  its 
ontogenetic  and  phylogenetic  development  depends  on  an 
élite  of  fertile  females,  a  very  different  condition  from 
what  we  find  in  human  societies  whose  progress  depends 
on  an  élite  of  intellectual  individuals  of  both  sexes.  It 
is  well  known  to  the  biologist  that  there  is  a  kind  of 
antagonism  between  sexual  and  intellectual  activities  and 
this  also  has  been  emphasized  by  certain  historians  (e.g., 
Towner,  1923)  in  human  civilizations.  Societies  decay 
intellectually  orrather  approach  the  social  insect  typewhen 
they  incline  too  much  towards  reproduction,  a  conclusion 
which  should  please  the  advocates  of  birth-control. 

(4)  The  extraordinary  deployment  of  reproduction  in 
the  insect  society  has  led  directly  to  the  development  of 
castes  and  polymorphism,  through  a  few  fertile  individuals, 
the  queens,  specializing  in  the  production  of  eggs,  while 
the  sexually  poorly  endowed  majority,  the  workers, 
specialized  in  providing  the  necessary  food  and  accom¬ 
modations  for  the  young.  In  prolific  species  these  latter 
functions  are  so  exacting  that  a  further  caste,  the  soldiers, 
may  be  developed  to  take  over  the  defence  of  the  society 
as  a  whole  or  to  perform  other  duties  which  cannot  be 
adequately  performed  by  the  foraging  and  nursing 
workers.  These  various  differentiations  are  so  ancient 
and  have  become  so  rigidly  established,  at  least  in  the 
higher  social  insects  (ants  and  termites),  that  the  specific 
structure  and  behaviour  of  the  individuals  belonging  to 
the  different  castes  are  definitively  fixed  on  their  emer¬ 
gence  from  the  pupæ.  Human  caste  development,  though 
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likewise  depending  on  a  division  of  labour,  is,  of  course, 
very  different  and  of  a  purely  professional  origin.  This 
whole  subject  has  been  so  thoroughly  studied  by 
Durkheim  (1922)  that  it  need  not  be  considered  here. 
It  will  suffice  to  note  that  the  normal  human  individual, 
though  born  into  his  society  with  peculiar  hereditary 
endowments,  is  nevertheless  so  generalized  and  plastic 
that  he  can  be  converted  through  education  into  a  more 
or  less  efficient  member  of  any  caste  or  even  of  several 
castes  (professions).  And,  as  we  all  know,  after  exercising 
his  profession  for  many  years,  he  may  acquire  the 
behaviouristic  idiosyncracies  or  even  the  physical 
stigmata  of  his  particular  calling.  Even  the  actor,  whose 
profession  consists  in  a  neuromuscular  mimicry  of 
individuals  belonging  to  a  number  of  castes,  eventually 
acquires  a  characteristic  facial  and  postural  expression. 

(5)  Since  the  castes  are  the  result  of  a  pronounced 
specialization  of  structure  and  behaviour,  their  members 
necessarily  become  partial  or  more  or  less  abortive 
representatives  of  their  species  and  therefore  exhibit 
traits  which  have  often  been  called  “  degenerative  ”. 
This  term,  however,  always  has  a  pathological  connota¬ 
tion.  But  in  as  much  as  the  peculiarities  under 
discussion  have  persisted  for  hundreds  of  thousands  of 
years,  not  only  without  injury  to  the  species  but  as 
necessary  adaptations  to  a  peculiar  social  medium,  they 
are  to  be  more  properly  regarded  as  specializations.  That 
they  may  endanger  the  life  of  the  organism  when  the 
social  or  environmental  medium  changes,  is  obvious,  but 
this  is  true  of  all  precise  adaptations  even  when  they  are 
of  a  kind  to  which  we  never  think  of  applying  the  terms 
“  degenerative  ”  or  “  pathological  ”.  The  confusion 
arises  from  our  ineradicable  anthropomorphism  and  our 
constant  occupation  with  “  values  ”,  especially  in  every- 
thing  that  relates  to  life  and  death.  Probably  the  best 
way  out  of  the  difficulty  is  to  avoid  such  terms  as 
degenerative  ”  and  to  emplo}'’  instead  such  neutral 
descriptive  expressions  as  ”  atrophic  ”,  ”  hypertrophic  ” 
”  involutionary  ”,  ”  regressive  ”,  etc. 
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The  facts  relating  to  the  specialization  of  characters  in 
the  insect  castes  may  be  profitably  considered  in  greater 
detail.  There  are  certainly  unmistakeable  signs  of 
morphological  involution,  or  regression  in  the  individual 
insect  as  a  result  of  adaptation  to  the  social  medium  and 
they  increase  in  number  and  degree  as  we  pass  from  the 
more  primitive  to  the  more  advanced  societies.  They 
include  not  only  such  traits  as  the  greater  simphfication 
of  the  wing-venation  and  mouthparts  in  the  social 
as  compared  with  the  solitary  bees,  the  aptery, 
microphthalmy,  simplification  of  the  thorax,  genitalia, 
etc.  of  the  workers  and  soldiers  as  compared  with  the 
reproductive  forms  in  ants  and  termites,  as  w'e  pass  from 
the  primitive  species  with  small  to  the  highly  specialized 
species  with  very  populous  colonies.^  The  internal  organs 
also  show  increasingly  regressive  alterations  during  the 
adult  life  of  the  sexual  forms,  and  especially  of  the  queen, 
which  represents  the  complete  or  perfect  type  of  the 
species  in  nearly  all  social  insects.  The  observations  of 
Holmgren  (1909)  and  von  Rosen  (19136)  on  termites  are 
particularly  instructive  in  this  connection.  The  former 
found  that  in  old  queens  the  brain  shrinks  to  two-thirds  of  its 
original  size  and  that  this  shrinkage,  which  occurs  within 
a  few  days  after  the  colony  is  established,  is  due  largely 
to  an  atrophy  of  the  ommatidia  and  optic  nerves  and 
lobes.  But  there  are  also  concomitant  hypertrophic 
changes  in  many  organs.  Thus  the  ganglia  of  the 
sympathetic  nervous  system  increase  in  volume  even  in 
the  king.  The  cross-section  of  the  postcephahc  ganglion 
of  the  young  king  and  queen  alike  measure  only  67/u, 
in  the  old  king  the  dimensions  increase  to  135-162M,  in 
the  old  queen  to  175-190^.  The  heart,  fat-body  and 

*  According  to  Langhofer  (1897),  the  mouthparts  of  the  honeybee 
and  bumblebee  are  less  developed  than  in  such  solitary  bees  as  Trachusa 
and  Anthidium,  and  Tosi  found  that  the  proventriculus  of  the  honeybee 
is  less  developed  than  in  Bombus.  Friese  (1923)  points  to  the  decided 
reduction  of  the  wing-venation  in  the  social  bees.  Among  the  Formi- 
cidæ  the  venation  shows  increasing  simplification  as  we  pass  from  the 
primitive  Ponerinæ  and  Dorylinae  to  the  highly  specialized  Formicinæ. 
The  same  is  true  in  the  reduction  of  the  sting,  which  is  highly  developed 
in  the  lower  groups  and  vestigial  in  the  Dolichoderinæ  and  Formicinæ, 
as  it  is  also  m  the  Meliponinæ  among  the  social  bees. 
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alimentary  canal  also  become  enlarged,  especially  in  the 
old  queen,  the  increase  in  the  gut  being  due  to  the  purely 
sahvarj-  diet.  The  respiratory  organs,  too,  are  changed, 
the  spiracles  becoming  enlarged  and  the  number  of 
tracheal  ramifications  increased,  probably  in  direct 
adaptation  to  confinement  in  the  narrow  royal  chamber 
and  the  hypertrophy  of  the  fat-body  and  other  viscera. 
Von  Rosen  found  a  very  similar  atrophy  of  the  adult 
visual  apparatus  in  the  neotenic  royalty  of  Calotermes 
flavicollis.  Probably  changes  of  the  same  kind  will  be 
observed  to  occur  in  queen  ants.  The  extraordinary 
involution  of  the  voluminous  thoracic  musculature 
detected  by  Janet  (1907)  and  C.  Pérez  (1912,  1920)  in 
queen  ants  after  their  nuptial  flight,  has  been  noticed  in  a 
former  lecture.  Besides  these  and  similar  ontogenetic 
changes  which  occur  in  social  insects  that  become 
increasingly  adapted  to  particular  functions  during  their 
later  life,  there  are  others  that  have  become  fixed  in  the 
phylogeny  or  during  the  larval  stage  in  correlation  with 
other  traits.  Thus  in  the  queens  of  the  honeybee  and 
parasitic  ants  the  brain,  even  during  the  pupal  stage  is 
less  developed  than  that  of  the  worker  and  in  the  honeybee 
there  is  also  an  atrophy  of  the  mouth-parts,  sting,  spurs 
of  the  hind  legs,  salivary  glands,  etc.  In  some  castes  of 
ants,  hke  the  plerergates  of  the  honey  ants,  the  crop 
hypertrophies  in  the  adult  stage.  But  the  worker  honey¬ 
bee,  though  structurally  very  near  the  original  female 
type  of  the  species  and  exhibiting  little  atrophy,  except 
in  the  genitalia,  nevertheless  shows  regressive  behaviour 
in  its  dependence  on  the  presence  of  other  workers. 
According  to  von  Buttel-Reepen  (1905),  she  dies  in  a  few 
hours,  when  isolated  from  the  colony,  although  a  worker 
ant  may  be  kept  alive  in  isolation  for  six  months  (Miss 
Fielde,  1902,  p.  599).  When  the  temperature  sinks  below 
a  certain  point  the  isolated  honeybee  cannot  keep  warm 
enough  to  remain  alive.  But  even  the  ants  differ  from 
the  honeybee  only  in  the  degree  of  their  dependence  on 
their  sisters. 

Holmgren  finds  that  the  termites  as  a  whole  have  a 
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rather  uniform  bodily  structure  and  that  notwithstanding 
the  evidence  of  the  acquisition  of  morphological  traits 
during  phylogeny,  the  evidence  of  losses  is  more  apparent. 
The  lower  termites  contain  everything  in  nuce,  and 
although  specializations  have  arisen  at  ail  stages  of 
phylogenetic  development,  nothing  really  new  has 
appeared  but  only  modification  or  reductions  of  what  was 
originally  present.  He  therefore  expresses  his  conclusions 
as  follows:  “From  a  consideration  of  communal  life,  we 
should  expect  theoretically  that  it  would  gradually  lead 
to  a  degeneration  of  its  participants,  since  natural  selection 
should  bring  about  not  the  higher  differentiation  of  the 
individuals  but  only  that  of  the  colonies.  Since,  in  all 
probability,  the  differentiation  of  the  castes  is  a  result 
of  social  life  and  the  division  of  labour,  in  all  likelihood, 
the  immediate  cause  of  caste  differentiation,  the 
degenerative  effects  of  social  life  might  be  attributed  to  the 
ever  increasing  division  of  labour  and  caste  differentiation. 
On  the  whole,  therefore,  we  might  postulate  a  regressive 
development  in  the  termites  A  comprehensive  view 
of  the  Formicidæ  leads  to  the  same  conclusion.  The 
potentialities  of  the  various  caste  developments  in  the 
highest  subfamilies  are  all  present  in  the  primitive 
Ponerinas,  and  if  we  compare  e.g.,  a  Pheidole,  a  Dorylus 
or  a  Camponotus  worker  with  a  worker  of  the  Australian 
genus  Myrmecia,  we  are  compelled  to  admit  that  as  an 
individual,  the  latter  is  a  far  more  highly  organized  and 
efficient  insect. 

It  is  interesting  to  observe  that  effects  analogous  to 
those  we  have  been  considering  in  insects  may  also  be 
detected  in  civilized  man  compared  with  the  savage  or 
barbarian.  Compare  for  example,  the  independence  and 
individual  resourcefulness  of  a  great  general  of  the 
Homeric  age,  Achilles  or  Hector,  who  indulged  in  single 
combats,  with  the  dependence  of  Foche  and  Pershing  on 
their  armies  and  the  remainder  of  society  during  the  recent 
war.  No  future  Homer  will  describe  these  highly  civilized 
gentlemen  as  challenging  Hindenburg  or  Luedendorf 
to  single  combat  in  order  to  decide  the  outcome 
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of  a  battle.  The  single  large-eyed  Myrmecia  worker 
goes  forth  alone  to  attack  other  insects,  whereas  the  blind 
Doryliis  worker  has  to  maintain  constant  olfactory  and 
tactile  communication  with  the  marauding  column  or  it 
is  hopelessly  impotent.  Even  between  the  various  groups 
in  civihzed  societies  similar  contrasts  occur,  e.g.,  between 
bank  robbers  and  bank  clerks.  The  amount  of  space 
given  to  the  former  as  compared  with  the  latter  in  the 
newspapers,  especially  in  America,  shows  where  our 
interests  lie.  We  are  not  so  intensely  interested  in  bank 
robbers  because  they  are  bad,  but  because  we  cannot  help 
admiring  their  bold  resourcefulness  and  perhaps  because 
we  have  a  sneaking  realization  of  our  own  abject 
dependence  on  the  laws  and  public  opinion. 

Involutionary  effects  of  social  life  on  the  human 
individual  have  long  been  noticed  and  at  the  present 
time  are  the  subjects  of  much  scientific  and  historical 
literature  just  as  they  were  during  the  latter  portion  of 
the  eighteenth  century.  Thestudyof  Le  Bon  (1925),  Martin 
(1920),  McDougall  {1920),  Freud  (1921),  and  others  of  the 
behaviour  of  those  temporary  associations,  known  as 
crowds  and  mobs,  has  brought  to  light  distinctly  regressive 
manifestations  in  the  psychological  field.  As  Freud  says  : 
“  An  individual  in  a  group  is  subjected,  through  its 
influence,  to  what  is  often  a  profound  alteration  of  his 
mental  activity.  His  emotions  become  extraordinarily 
intensified,  while  his  intellectual  ability  becomes  markedly 
reduced,  both  processes  being  evidently  in  the  direction 
of  an  approximation  to  the  other  individuals  in  the 
group  ;  and  this  result  can  only  be  reached  by  the 
removal  of  those  inhibitions  upon  his  instincts  which  are 
peculiar  to  each  individual  and  by  his  resigning  those 
expressions  of  his  inclinations  which  are  especially  his 
own  Of  course,  the  crowd  displays  in  an  acute  and 

^  It  is  interesting  to  note  that  the  higher  social  insects,  especially 
wasps,  honeybees  and  ants  display  phenomena  similar  to  those  of 
human  mobs — high  emotivity,  suggestibility,  rage,  etc.  These 
manifestations,  moreover,  occur  only  in  populous  colonies,  since  a  mob 
implies  a  number  of  cooperating  individuals  ;  feeble  or  incipient 
colonies  of  bees,  wasps  and  ants  are  always  very  timid. 
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exaggerated  form  the  tendencies  that  are  present  in  a 
chronic  but  less  obvious  form  in  the  masses  and  groups 
of  society  as  a  whole.  But  there  are  more  startling 
evidences  of  the  involutionary  effects  of  social  hfe.  The 
psychologists  find  that  few  of  us  attain  an  intellectual  age 
of  eighteen  years  and  that  most  of  us  retain  throughout 
hfe  the  mentality  of  children  of  fourteen  years  or  less. 
Even  this  is  too  flattering,  for  the  psychoanalysts  call 
attention  to  the  great  difficulty  which  the  best  of  us 
experience  in  preserving  an  adult  or  even  an  adolescent 
attitude  towards  reahty  and  the  extraordinary  facility 
with  which  we  lapse  into  infantilism.  They  also  point 
to  the  appalling  prevalence  in  our  civihzation  of  the 
neuroses  and  psychoses  in  which  this  babyish  behaviour 
is  chronic  or  habitual.  And  the  sqciologist  proves 
statistically  the  great  prevalence  of  suicide  and  its 
intimate  dependence  on  civilization  (Durkheim,  1922). 
Innumerable  individuals  destroy  themselves  because  they 
are  simply  bored  to  death  by  society.  These  and  many 
other  considerations  have  led  such  different  investigators 
as  Dide  and  Juppont,  Boas  and  Starcke,  not  to  mention 
historians  like  Spengler  and  Towner,  to  express  equally 
pessimistic  views  of  human  capacities  and  civilizations. 
According  to  Dide  and  Juppont  (1924)  “  a  consideration 
calculated  to  excite  human  humihty  forces  itself  upon  us. 
The  subordinate  forms  of  consciousness,  closely  connected 
with  instinct,  still  remain  vibrant  with  formative  energ}-’, 
while  the  cognitive  functions,  though  of  more  recent 
origin,  not  only  seem  to  have  completed  their  evolution, 
but  even  to  manifest  a  certain  regression  in  man.  And 
this  agrees  with  the  facts  revealed  by  comparative 
cytogeny.  Poorly  differentiated  cells  are  endowed  with 
prodigious  reproductive  activity  whereas  highly  differ¬ 
entiated  cells,  especially  those  of  the  cerebral  cortex,  have 
lost  all  their  reproductive  powers.  One  of  us  has  long 
been  making  a  special  study  of  these  phenomena  and 
though  he  has  detected  a  few  lingering  traces  of  direct 
division  among  the  pyramidal  nerve  cells  of  rodents,  has 
vainly  sought  for  any  similar  tendency  in  man.  Instead 
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he  lias  been  able  to  note,  in  works  still  unpublished,  the 
constancy  of  amitotic  divisions  in  the  cells  of  the 
sympathetic,  which  is  the  organ  of  the  visceral  functions. 
These  facts,  which  are  no  longer  open  to  discussion,  leave 
little  doubt  concerning  the  future  destinies  of  the  superior 
biological  races 

According  to  Boas  (1924),  “  when  forming  our  judgment 
of  the  significance  of  racial  differences,  we  must  remember 
that  the  races  of  man  may  not  be  compared  with  wild 
forms  of  animal  fife,  but  that  man  is  the  oldest 
domesticated  form.  The  use  of  artificially  prepared 
food,  which  set  in  with  the  invention  of  fire  during  the 
glacial  period,  marks  the  beginning  of  the  period  of 
domestication  ;  it  may  indeed  go  back  still  further,  to 
the  beginning  of  the  use  of  tools.  This  view  was  first 
expressed  by  Le  Salles  in  1849.  Later  Hahn  called 
attention  to  it  ;  I  dwelt  on  it  in  1911,  and  in  1913  Eugen 
Fischer,  and  later  on  Klatt,  have  taken  up  the  question 
from  the  standpoint  of  anatomical  evidence.  Blondness, 
blue  eyes  and  a  fair  skin,  as  well  as  blackness  and  curly 
hair,  are  traits  of  domestication.  So  are  the  reduction 
of  the  size  of  the  face  and  the  increase  in  its  length. 
Permanence  of  the  female  breast,  anomalies  in  sexual 
behaviour  and  the  lack  of  a  mating  season  belong  in  the 
same  category  ”.  The  psychoanalyst  Starcke  (1921), 
impressed  hke  so  many  others  with  the  prevailing  neurotic 
behaviour  of  our  civilization,  goes  so  far  as  to  regard  it  as 
a  peculiar  disease  which  he  calls  “  metaphrenia  ”,  which 
is  ”  imposed  on  a  certain  portion  of  society  in  order  to 
obtain  a  certain  extra  gam  whereby  aU  profit  ”.  And  he 
concludes  his  chapter  on  metaphrenia  with  the  following 
statement  :  ”  The  sublimations  and  reaction-formations 
of  the  social  human  being  follow  the  mechanisms  of  the 
obsessional  neuroses  (there  is  here  an  agreement  of  the 
moral,  logical,  and  æsthetic  compulsion  with  that  of  the 
neuroses).  They  also  tend  to  the  return  of  repressed 
material.  We  see  the  civilization  of  a  people  or  a  race 
built  up  in  cycles  according  to  the  mechanisms  of  the 
obsessional  neurosis,  until  it  becomes  no  longer  bearable  ; 
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then  there  comes  about  a  limitation  of  the  useful  effect 
through  the  return  of  the  repressed  material  in  disguised 
form,  and  a  breaking  through  of  forbidden  things  in  war 
and  revolution,  according  to  the  principles  of  manic 
psychoses,  while  various  “  isms  ”  analogous  to  the 
paranoid  fields  are  not  lacking 

The  notion  of  "  domestication  ”,  which  in  another 
passage  Starcke  would  substitute  for  ”  subhmation  ”,  is 
also  apphcable  to  the  social  insects.  But  domestication 
is  closely  akin  to  parasitism.  The  difference  between  the 
enormous  advantages,  merely  in  food  and  protection, 
accruing  to  the  individual  as  a  member  of  a  society, 
compared  with  its  own  feeble  contributions,  is  so  enormous 
as  to  be  in  many  respects  comparable  with  the  difference 
between  host  and  parasite.  Consequently  the  regressive 
mental  and  physical  traits  of  the  individual  resemble 
those  of  parasites,  as  we  see  in  our  domesticated  animals. 
But  domestication  produces  opposite  effects  in  different 
organisms.  In  some  it  produces  sterihty,  whereas  in 
others  it  entails  atrophy  of  the  organs  of  relation  (sensory 
and  neuromuscular  system)  and  hypertrophy  of  the 
gonads,  alimentary  canal  and  other  viscera.  In  the 
social  insects  both  effects  may  be  observed,  the  former  in 
the  workers  and  to  some  degree  in  the  soldiers,  the  latter 
in  the  queens.  There  are  obvious  analogies  in  human 
society.  This  ambivalent  effect  of  domestication  has 
been  obscured,  so  far  as  domestic  animals  are  concerned, 
by  the  fact  that  man  could  select  and  retain  only  fertile 
species,  and  so  far  as  plants  are  concerned,  by  the  fact 
that  they  can  be  propagated  asexually. 

(6)  But  notwithstanding  all  the  involutionary  traits 
that  have  been  cited  as  characterizing  the  social  individual, 
it  must  be  admitted  that  societies  as  wholes  are  very 
powerful  agents  as  compared  with  any  solitary,  non-social, 
organisms.  The  only  dangerous  rivals  of  social  species, 
therefore,  are  other  social  species.  They  constitute,  in 
fact,  the  most  virulent  forces  in  the  fauna,  since  they  are 
so  destructive  either  as  predators  or  as  competitors,  not 
only  to  the  solitary  species  in  their  environment  but  to 
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one  another.  Hence  we  .should  expect  the  activities  of 
social  organisms,  when  unrestrained  by  climatic  or  other 
environmental  factors,  to  lead  eventually  to  the  exter¬ 
mination  of  the  solitary  and  the  survival  of  a  few  very 
powerful  and  prolific  social  species.  It  is  scarcely 
necessary  to  call  attention  to  the  behaviour  of  civilized 
man  in  this  connection.  Having  exterminated  nearly 
all  the  primitive  human  societies  and  nearly  all  the 
Mammalia,  except  the  few  he  has  been  able  to  domesticate, 
he  is  now  engaged  in  destroying  much  of  the  remainder  of  the 
life  of  the  planet.  And  the  social  insects  assume  a  similar 
rôle  among  the  terrestrial  Arthropoda,  especially  in  those 
portions  of  the  tropics  where  they  have  full  sway  and  have 
not  yet  come  in  contact  with  civilized  man.  But  before 
continuing  this  topic  something  must  be  said  about  the 
death  of  societies. 

Even  the  most  pessimistic  thinkers  (Spengler,  etc.)  do 
not  believe  that  human  societies  die  from  the  effects  of 
their  culture  and  internecine  wars.  They  merely  return 
after  each  great  efflorescence  to  dormant,  Fellahin  con¬ 
ditions,  like  those  of  the  Egyptians,  Chinese  and  the 
peoples  of  the  Dark  Ages  in  Europe,  for  nothing  short  of 
a  cosmic  catastrophe  can  exterminate  the  human  race. 
Insect  societies  are  more  like  single  organisms  in  that  they 
die.  Unfortunately  our  knowledge  of  the  duration, 
decline  and  extinction  of  their  perennial  societies  is  not 
as  precise  as  we  could  wish.  We  know,  of  course,  the 
conditions  in  the  wasps,  humblebees  and  Halicti  of 
temperate  regions,  where  the  colonies  exist  for  only  six 
to  eight  months  and  then  disappear,  leaving  the  young 
fertilized  queens  to  create  new  colonies  during  the  ensuing 
year.  The  life  of  an  ant  colony  containing  only  a  single 
fertilized  queen,  must  end  soon  after  her  death.  In  some 
of  our  species  she  is  known  to  live  at  least  fifteen  years 
and  this,  since  the  workers  are  short-lived  (three  to  four 
years),  would  be  about  the  length  of  the  colony’s  life. 
But  when  fertilized  daughters  of  the  queen  are  adopted 
from  year  to  year  by  the  colony,  it  may  live  much  longer — 
to  an  age  of  forty  or  fifty  years  or  perhaps  more,  but  in 
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regard  to  this  matter  and  the  longevity  of  termite  colonies» 
our  Icnowledge  is  meagre.  Since,  however,  the  life  of  the 
species  does  not  depend  on  the  life  of  the  single  colony, 
another  and  more  obscure  problem  is  suggested  by  the 
question  as  to  how  the  species  of  social  insects  become 
extinct.  Their  colonies,  as  we  have  seen,  are  so  much 
more  powerful  and  persistent  than  individual  organisms 
and  through  their  wide  dispersal  so  difficult  to  destroy 
even  by  larger  animals  (birds,  toads,  ant-eaters,  etc.)  or 
by  merely  local  or  temporary  climatic  conditions,  that  the 
extermination  of  the  species  of  social  insects  must  be  due 
to  other  causes.  That  it  has  occurred  repeatedly  during 
geological  time  is  certain,  and  that  it  is  still  taking  place 
is  highly  probable.  In  boreal  and  temperate  regions,  no 
doubt,  the  severest  effects  are  produced  on  wasp  and 
bumblebee  colonies  by  adverse  climatic  conditions. 
Concerning  the  causes  of  extinction  among  the  Vespinæ, 
Apinæ  and  Meliponinæ  of  the  tropics  we  know  nothing, 
though  their  colonies  are  much  fewer  in  number  than  those 
of  the  ants  and  termites.  Their  growth  and  decay  are 
probably  regulated  by  the  available  insect  and  plant  foods. 
The  Dory  line  ants  are  certainly  formidable  enemies  of  the 
wasps.  The  greatest  enemies  of  the  termites  are  the  ants 
and  of  the  ants  other  ants,  and  undoubtedly  civilized 
man  is  the  most  implacable  enemy  of  both  of  these  groups 
of  social  insects.  The  abundance  of  species  and  survival 
of  many  primitive  types  in  the  portions  of  the  East 
Indian,  Australian  and  Neotropical  regions  that  have 
remained  untouched  by  civilized  man  shows  that  in  these 
places  a  nearly  perfect  biocœnotic  balance  has  been 
preserved  for  ages,  but  wherever  he  is  settling  the  balance 
is  being  rapidly  upset.  The  clearing  of  the  land  of 
indigenous  vegetation  and  the  introduction  of  foreign 
cultivated  plants  and  domesticated  animals  is  provingto  be 
the  most  serious  factor  in  the  extermination  of  ants  and 
termites.  The  effects  of  civilization  are  therefore  in  great 
measure  indirect.  This  is  apparent  in  North  America, 
where  all  the  more  primitive  ants,  like  the  Ponerinae, 
which  for  ages  have  been  adjusted  to  very  precise  edaphic 
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and  other  conditions,  are  rapidly  disappearing.  Only  the 
more  plastic  and  adaptable  native  Myrmicinæ  and 
Forinicinæ  manage  to  survive  in  the  settled  areas  and  with 
the  increase  in  the  density  of  human  population  they,  too, 
are  tending  to  disappear.  In  the  tropics  an  even  more 
rapid  extermination  is  due  to  certain  extremely  prolific 
and  adaptable  species  of  ants,  which  areable  to  live  even  on 
ships  and  have  therefore  been  transported  to  all  parts  of 
the  world  where  they  quickly  take  possession  of  such 
areas  as  have  a  mean  annual  temperature  like  that  of  their 
original  habitat.  Two  of  these  species,  the  Myrmicine 
Phetdole  megacephala  and  the  Dolichoderine  Iridomyrmex 
hxmiilis,  may  be  briefly  considered. 

Pheidole  megacephala  is  supposed  to  have  originated 
in  Madagascar,  because  it  has  the  greatest  number  of 
varieties  and  allied  species  on  that  island.  Within  the 
past  century  it  has  been  carried  to  all  parts  of  the  tropics 
and  exterminates  the  native  ant  fauna  wherever  man  has 
prepared  the  way  for  its  conquests  by  destroying  the 
native  vegetation  and  introducing  extensive  cultures  of 
foreign  plants.  The  latter  soon  become  infested  with 
insects  and  especially  Coccids,  which  are  favourite  wards 
of  megacephala.  Heer  showed  that  by  1852  this  ant  had 
taken  complete  possession  of  the  island  of  Madeira.  It 
has  also  exterminated  all  or  nearly  all  the  ants  on  some 
of  the  West  Indian  Islands,  notably  Bermuda,  the 
Bahamas,  St.  Thomas  and  Culebrita,  near  Porto  Rico, 
and  has  made  considerable  progress  in  Cuba  and  Hawaii. 
In  larger  areas,  especially  on  the  continents,  its  progress 
is  slower,  because  the  same  is  true  of  its  advance  agent, 
civilized  man.  Several  years  ago  I  was  able  to  witness 
its  gradual  invasion  along  the  eastern  coast  of  Australia 
where  at  widely  separated  points  the  British  colonists 
have  founded  a  number  of  towns.  Ph.  megacephala, 
brought  by  commerce  to  these  settlements,  is  at  first 
confined  to  their  streets  and  gardens,  completely  replaces 
the  native  ant  fauna,  establishes  its  nests  everywhere 
about  the  roots  of  the  trees  and  pastures  Coccids  on  their 
bark  and  fohage.  On  proceeding  inland  a  short  distance 
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to  a  zone  which  is  being  cleared  and  brought  under 
cultivation,  one  observes  megacephala  in  active  conflict 
with  the  native  ants,  entering  their  nests,  carrying  away 
their  brood  and  assassinating  the  adults.  I  actually 
witnessed  the  destruction  of  a  colony  of  the  superb 
Podomyrma  femorata,  a  large,  rather  stolid  ant,  which 
lives  in  burrows  in  the  hard  wood  of  standing  trees. 
These  ants  were  quite  unable  to  defend  themselves  against 
the  hordes  of  minute  Pheidole  workers.  The  colony  was 
completely  destroyed,  the  larvae  and  adults  killed  and 
slowly  dragged  away.  Proceeding  still  farther  inland  one 
comes  upon  the  untouched,  original  forest,  which,  owing 
to  the  exquisitely  balanced  interrelationships  of  its 
faunal  and  floral  components,  megacephala  is  unable  to 
penetrate,  till  man  intervenes  with  his  devastations. 

The  history  of  Iridomyrmex  humilis  (Fig.  79)  is  similar. 
It  seems  to  have  originated  in  Argentina  and  has 
therefore  been  called  the  Argentine  ant.  After  entering 
New  Orleans,  it  increased  to  enormous  numbers  and  spread 
rapidly  over  the  Southern  States  and  California,  every¬ 
where  exterminating  the  native  ants.  It  crossed  the 
Atlantic  and  became  a  pest  in  such  widely  separated 
countries  as  Cape  Colony  and  Portugal.  According  to 
Stoll  (1898),  it  landed  also  in  Madeira  and  succeeded  in 
supplanting  Pheidole  megacephala,  which  had  held 
possession  of  the  island  since  the  days  of  Heer.  More 
recently  humilis  has  appeared  in  France  and  the  Canar}' 
Islands  (see  Wheeler,  1927).'  The  fact  that  wherever 
this  ant  comes  in  contact  with  megacephala,  the  latter  has 
to  give  way,  is  very  interesting  in  connection  with  my 
remarks  on  the  contrast  between  the  vigour  of  the  colony 
as  contrasted  with  the  feebleness  of  its  members. 
I.  humilis  is  a  soft-bodied  species,  without  a  sting, 
whereas  megacephala  has  a  hard  integuemnt,  a  sting  and 
a  large-headed  soldier  caste  with  powerful  mandibles. 

'  In  the  second  edition  of  his  “British  Ants”  (1927),  Donisthorpe 
records  I .  hiiniilis  as  having  been  recently  introduced  into  houses  in 
various  parts  of  Great  Britain,  as  far  north  as  Edinburgh  anil  into 
Guernsey  and  Germany  (Hamburg).  He  observed  it  at  Paleimo  in 
Sicily  and  Kutter  (1927)  found  it  established  in  the  vicinity  of  Naples. 
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Although  tlie  Argentine  ant  is  therefore  individually  the 
weaker,  it  surpasses  the  Pheidole  in  the  fecundity  of  its 
queens,  the  size  of  its  colonies,  its  activity,  enterprise 
and  resourcefulness — all  traits  which  make  it  as  much 
superior  to  the  Pheidole  as  the  latter  is  superior  to  the 
other  ants  when  introduced  into  a  fauna  that  has  been 
more  or  less  weakened  by  the  agency  of  man.  We  can 
foresee  that  as  civilization  advances  man  will  exterminate 
the  terrestrial  fauna  and  flora,  except  the  portions  from 
which  he  can  derive  some  benefit.  But  the  most  prolific 
and  resourceful  ants  will  remain  as  his  annoyers  and 
competitors  and  will  probably  be  among  the  last  insects 
to  disappear.  In  his  struggle  with  them  he  will  probably 
succeed  best  through  indirect  methods,  i.e.,  by  modifying 
or  abofishing  the  environmental  conditions  essential  to 
their  survival. 
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A  rachnocoris  albomaculatus,  7 
Archiglossata,  37 
Archihymen,  iio 
Archimyrmex  rostratus,  117 
Archotermopsis,  138,  140-143,  168, 
185,  187  ;  tornquisti,  142  ; 

wroughtoni,  138,  139 
Argyrodes,  10  ;  argyrodes,  9  ; 
nephillcs,  7,  9 

Armbruster,  L.,  90-93  ;  95,  100 
Arnold,  G.,  279 
arrhenotocy,  163 

Arthropoda,  178,  189,  240,  246, 

252,  317 

Ashmead,  W.  H.,  36,  37,  55-58, 
61,  68,  77 

Aspidiotus  ostrecBformis,  53  ;  rapax, 
53 

Assmus,  E.,  251 
Assmuth,  E.,  267,  272 
Aster  corymbosa,  5 
Asthenohymen  dunbari,  29 
Atelura  formicaria,  254 
Atemeles,  206,  207 
atrophaptic  insects,  12,  47,  48 
atrophy,  310,  31 1 

Atta,  15,  174,  201,  203,  242  : 

cephalotes,  165,  255  ;  texana,  255 
Attaphila,  255  ;  fungicola,  255 
Attini,  20,  201,  255,  282 
Audouin,  J .  V.,  61 
Augochlora,  91  ;  graminea,  90 
Aulacidia,  34 
Aulacinæ,  33 
Aurivillius,  C.,  90 
auxiliaries,  285 
axolotl,  195 

Azteca,  242  ;  foveolala,  17 

Bacon,  Roger,  222 
Bailey,  I.  W.,  200,  201 
Baker,  C.  h'.,  77 
Banks,  257 


Banks,  N.,  6,  10,  56,  135,  136 
Barber,  T.  C.,  202 
Barbour,  T.,  189 
Bareogonalinæ,  38 
Bareogonalos  canadensis ,  38 
Barth,  P.,  304 
Bateson,  W.,  229 
Batrachedra  siegodyphobiiis ,  10 
Baylis,  H.  A.,  205 
Becher,  E.,  ii 
bee-bread,  82 

bees,  55  ;  classification  of,  78  ; 
social,  236,  310  ;  solitary,  238, 
310  :  gastrilegous,  90  ;  oligo- 
tropic,  227 

behaviour,  automatic,  225  ;  plastic, 
225 

Belonogaster,  15,  71-73,  loi,  102, 
233,  249,  250 
Belonnchus  mordens,  251 
Belt,  T.,  249 
Bembicinæ,  16,  77,  79 
Bembex,  4,  16,  82 
Bengalia,  255,  261  ;  depressa,  256  ; 
jejitna,  255  ;  latro,  256  ;  ob- 
scuripennis,  255 
Bennett,  C.  B.,  149 
Bequaert,  J.,  ii,  55,  68,  250,  255, 
274 

Berger,  178 

Berlese,  A.,  171,  241 

Bernard,  L.  L.,  230 

Berry,  E.  W.,  80,  122,  141 

Bethe,  A.,  225,  242 

Bethylidæ,  15,  26,  37,  54,  57-59. 

61,  62,  65,  66,  113,  163 
Bethyloidea,  57-59,  109,  130,  131, 
168,  301 

Bethylus,  57,  59,  301  ;  fulvicornis, 
60  ;  fuscicornis,  59 
Biedermann,  W.,  239 
biocœnosis,  5 
biotaxy,  21 
Bischoff,  H.,  38 
Bishop,  198 
Blanchard,  R.,  35 
Blattinæ,  148 

Blattoidea,  16,  137,  138,  147,  150 
Blennocanipa  pusilla,  164 
Blochmann,  F.,  138 
Boas,  F.,  314,  315 
Bombinæ,  16,  83,  84,  96-99,  165, 
167,  224,  227,  237,  238,  244, 

251 

Bombus,  16,  85,  95-98,  100-103, 
165,  176,  238,  276,  277  :  abavus, 
97  ;  antiquus,  97  ;  carbonarius, 
97,  100  ;  cayennensis,  loi  ; 
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crasspes,  97  ;  granclaevus,  97  ; 
jurinei,97;  pusillus,  96  ;  vagans, 
276.  277 

Botubusoides  mcngci,  97 
Bombyliida',  45 
liônner,  W.,  293 

lîorncr,  C.,  36,  37,  56,  58,  77,  109 
l^(>ttgcr,  O.,  17S 
Boving.  A.,  45 
Borgmcicr,  T.,  253 
Bothriomvrmex,  291  ;  decapitans, 
293,  294 
Botrytis,  297 

Bouvier.  E.  L.,  i,  4,  5,  8,  193 
Boveri,  T.,  218,  219 
Brachyacantha,  238 
Brachycystis,  iio 
brachygnath  males,  171 
Brachymyrmex,  173 
Bracoiiidæ,  33,  34,  47,  58,  263 
Bradley.  J.  C.,  26,  33,  36,  55,  56, 
58,  59,  68,  77,  1 10 
Bradobæninæ,  109 
brain,  of  ants,  176  et  seq.,  311  ;  of 
bees,  31 1  :  of  man,  314  ;  of 
honeybee,  176  ;  of  bumble-bees, 
176  ;  of  termites,  178,  182,  310  ; 
of  wasps,  1 76 
Branner,  J.  C.,  20 
Brauer,  F.,  45,  46,  250 
Branla  cesca,  252 
Brauns,  H.,  67,  84,  89,  265,  275 
Breitenbach,  \V.,  79,  90,  275 
Bretschneider,  F.,  178 
Bridwell,  J.  C.,  57,  60-62,  66 
Brischke,  97 
Browne,  F.  B.,  53 
Bruch,  C.,  260,  261 
Bruchomyrma,  294  ;  acutidens,  295 
Brues,  C.  T.,  10,  28,  33,  34,  41,  45, 
47-49,  57-59,  90,  no,  150,  251, 
263,  267,  272 
Brulle,  135 

Brun,  K.,  104,  176-159,  225,  233, 
242,  292,  298 
Brunelli,  G.,  158 
Bryan.  \V.  J.,  307 
Buckingham,  E.,  220 
Bufo  cmpnsus,  189 
Bugnion,  E.,  38,  44,  156,  158,  183, 
188,  193,  214,  267,  272 
Buprestid,  30 
Burke,  H.  E.,  30 
Burmeister,  K.  H.  C.,  97 
Buscalioni,  L.,  157 
Busck,  A.,  61 

von  Buttel-Reepen,  H.,  90,  96-98, 
103,  198,  199,  204,  31 1 


dll  Buysson,  IE,  233 
Bythimts  algériens,  170 

Caffrey,  D.  J.,  53 
Calliephialtcs  messor,  47 
Callimome,  28 
Calliphorinæ,  255 
Calomyrmex,  125,  159 
Calotermcs,  138,  140,  14 1,  143,  146, 
180,  187,  188,  190  ;  jlavicollis, 
31 1  ;  asnivgensis,  142  ;  occi- 
dentis,  140,  141 

Calotermitidæ,  15,  136,  138,  142 
156,  263,  300 
Calyptapis,  80 
Cambarus,  178 
Cameron,  P.,  31 
Campomyrma,  125 
Camponotinæ,  105,  106 
Camponotus,  115,  123,  125,  159, 
166,  171,  174,  189,  190,  203,  206, 
207,  312  ;  [Colobopsis)  albocinc- 
tus,  218  ;  aniericanus,  62  ; 
atlantis,  235  ;  (Dinomyrniex) 
Cassius,  205  ;  castaneus,  235  ; 
Jedschenkoi,  235  ;  femoratus,  280  ; 
herculeanus,  117,  212;  iriflatus, 
235  ;  japonicus,  42  ;  ligniperda, 
177  ;  pennsylvanicus,  177,  203  ; 
sansabeanus,  235  ;  veins,  117 
Capitoniidæ,  33,  34 
Capritermes,  188 
Carboniferous,  Upper,  129 
Cardiocondyla,  173 
Carebara,  159.  174,  175,  196,  279 
Carpenter,  G.  H.,  274 
Castanea  saiiva,  42 
castes,  132,  140.  141,  166,  193,  214, 
215,  308,  309;  adaptive,  176; 
antiquity  of,  216  ;  in  ants,  187  ; 
celebate,  228  ;  evolution  of,  181  ; 
regulation  of,  175  ;  stability  of, 
in  termites,  179,  187 
castration,  213;  alimentary,  167; 
colonial,  299  ;  nutricial,  167  ; 
parasitic,  64 
Caudell,  A.  N.,  150 
Caullery,  M.,  291 
Cecidomyidæ,  7,  171,  172 
Celonites,  67,  81 
Ceyiteier  cinerea,  46 
Cephalonomia,  61 
Cephidæ,  30 

Ccpobroiicus  symnietochns,  282,  283 
Cerambycidae,  14,  62,  300 
Ceramius,  15,67,81  ;  lichlensteini,  67 
Cerapachyinæ,  105,  106,  112,  119, 
168,  169,  173,  263,  283 
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Cerapterus,  118 
Ceratina,  80,  84,  85,  88 
Ceratininæ,  16 
Ceratopheidole,  174 
Ceropales,  274 
Chalastogastra,  26 
Chalcididæ,  45.  50,  54,  170,  203 
Chalcidoidea,  35,  45,  301 
Chalcis,  48 
Chalcobombus,  80,  97 
Champy,  C.,  170 

Chapman,  T.  A.,  45,  249,  260,  261 
Chariomyrma,  125 
Chartergus,  15,  71 
chastity,  228 

chemoreceptors,  231,  240,  242 
Child,  C.  M.,  192,  211,  231,  245 
Chironomids,  171 
Chlamydophorus,  189 
Chloralictus,  4,  276 
Chobaut,  A.,  249 
Chorizops  loricatus,  190 
Chrysididæ,  26,  32,  47,  50,  57,  58 
Chrysomelid,  52 
Chrysopa,  40,  41 
Cicada  septemdecim,  14 
Cicindelidæ,  189 
Cicinnus  melsheimeri,  189 
Cimbicidæ,  30 
Cionus  thapsi,  53 

Cladrastis  amurensis,  42  ;  flori- 
bunda,  42 
Clark,  J.,  284 
Clausen,  C.  P.,  42-45 
Claviger  testaceus,  269 
Clavigeridae,  261,  262 
Cleptidæ,  26,  58 
cleptobiosis,  175,  278,  279 
Cleridæ,  62 

Cleveland,  L.  R.,  138,  156,  157,  213 
Clistogastra,  26,  32,  33,  50 
Coccidotrophus,  15,  19.  I59  1  cor- 
diœ,  19  ;  socialis,  17,  18 
Coccids,  119,  235,  238,  248,  319 
Coccinellids,  4,  238 
Cockerell,  T.  D.  A.,  34,  38,  80, 
96-98,  114-117 
cockroaches,  29,  137 
Cœnothele  gregalis,  8 
Cœozoic,  217 
Cohausen,  j.  H.,  243 
Coleoptera,  15,  16,  26,  27,  45-47> 
53,  85,  118,  252,  261,  300 
Colletés,  77,  79 
Collin,  J.  É.,  258 
Collins,  R.  L.,  141 
Colobopsis,  125,  188,  19O1  221  ; 

stricta,  115 


colonies,  mixed,  278,  282,  284,295 
Comedo,  54 
Comes,  S.,  157 
commensalism,  248,  296 
communication,  231 
Comstock,  J.  H.,  26,  31,  55,  58,  59, 
70,  77,  150,  165 
Comte,  A.,  106,  133 
Condorcet,  106 
Conocephalus  fasciatus,  40 
Conopids,  251 
i  constraint,  social,  305 
co-operation,  12,  305 
Copidosoma  gelechiœ,  163 
Copris,  15 

Coptotermes,  143  ;  ceylonicus,  188 
Cardia  alliodora,  19 
Corotoca  melantho,  266  ;  phylo,  266 
Corpora  pedunculata,  176,  178, 

179 

Corymbogaster  miranda,  266 
Corynura,  91 
Cosilidæ,  57,  58 
Crabro,  80 
Crabroninæ,  79,  80 
Cragg,  F.  W.,  256 
Craig,  W.,  ii 

1  Crampton,  G.  C.,  137,  150 
Cratotechus,  54 

Crawley,  W.  C.,  104,  165,  205,  231, 
292, 293 

Creighton,  W.  S.,  289,  290 
Crematogaster,  112,  123,  173,  242, 
257,  292  ;  alligatrix,  258  ; 

(Colobocrema)  cylindriceps,  189  ; 
parabiotica,  280 
Cresson,  E.  T.,  58 
Cretaceous,  80,  127,  143,  301  ; 

Lower,  126  ;  Upper,  126 
Criocerns  asparagi,  53 
Crosby,  C.  R.,  48 
Crustacea,  35,  178 
cryptobiosis,  158 

Cryptocercus,  150  ;  punctulatus, 
147, 148 

Cryptocerus,  189 
Cryptophagidæ,  250 
Cryptotermes,  138,  188,  190 
Crypturus  argiolus,  250 
Ctenoplectrella,  80 
Cubitermes,  157 
Cuénot,  L.,  247 
Curtis,  J.,  32,  iio 
Cushman,  R.  A.,  31,  47,  52,  263 
Cutler,  W.,  139 

Cyclotorna,  261  ;  rnonocentra,  259 
Cyclosoma  triincatiim,  190 
Cyllene,  66  ;  pictus,  62 
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Cynipidæ,  35,  50,  162,  169,  301 
Cynipoiclea ,  .(i 
Cyphoclcira,  253 
Cyphoniyrnu-x,  201 
Cyrtoiiiynna,  126 
Cyrtophora,  10  ;  citricola,  g 

Daly,  R.  A.,  1 29 
Darwin,  C..,  220,  284,  2S6 
Dasiy'poma,  16 
Davidson,  A.,  67 
Davis,  j.  J.,  06 
Decapoda,  178 
Deegener,  3,  4,  241 
De  Geer,  G.,  148 

De  Grange,  McQ.,  133,  159,  245,  305, 
306 

De  Greef,  304 
Démoli,  R.,  241 
Dendrolasiiis,  293 
Dendromyrmex,  125 
Dermaptcra,  16,  14  7- 150,  182 
Dermestes,  61 
Dermestidæ,  250 
Descy,  A.,  165 
desmergates,  174 
Desneux,  J.,  137 
De  ^’ries,  H.,  214 
Diacamma,  58,  169,  173,  217 
Dictrlotiis  erythrostorna,  53 
dicotyls,  80 
Diciyna  rnuraria,  10 
Dide,  M.,  314 
Dielocerus,  32 
Dietl,  M.  J.,  178 
Diguet,  L.,  8 
Dirnmock,  G.,  251 
dimorphism,  sexual,  108,  130,  161 
Dimorphomyrmex,  118,  119 
dinergate,  174 
Dinomyrmex,  125 
Diploptera,  66,  68,  84,  85,  108 
Diptera,  27.  29,  33,  35,  45,  53,  153, 
250,  25s,  266,  267,  268 
Distant,  W.  L.,  10 
Ditrichomonas  lermitis,  139 
Dodd,  F.  P.,  259-261 
Ddnholf,  E.,  218,  239 
Dotlcin,  F.,  231 
Dohanian,  S.  M.,  163,  164 
Dolichoderinæ.  105,  106,  119,  123, 
173, 234,  242,  2O3,  292,  310 
Dolichoderus,  1 16 
domestication,  315,  316 
Doncaster,  218 

Donistliorpe,  H.,  1-4,  114,  205, 

249,  253,  262,  287,  292,  293. 
320 
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Dorylinæ,  105,  106,  tii,  112,  118, 
ii<),  123,  i2(),  159,  168,  169,  174, 
254,  263,  283,  310,  318 
Dorylus,  igb.  253,  312.  313  ; 

7iigi'ic(nis,  256 
Dorymyymex  pvramicus,  279 
Doten,  S.  R.,  51,  53 
Dreher,  O.,  38 
Itrever,  J.,  ii 
Dreyling,  L.,  99 
Dryinidæ,  50,  51,  57,58,  64,  65 
Ducke,  A.,  32,  67-72,  83,  loi,  102 
Dürken,  B.,  20 
Dufour,  L.,  I. 

Dujardin,  176 
dulosis,  285,  288,  289,  298 
Dunbar,  C.  O.,  29 
Dunbaria  fasciatipennis,  29 
Dunn,  E.  R.,  189 
Durkheim,  E.,  305,  309,  314 
Dutt,  C.  R.,  256 

dystrophaptic  insects,  12,  47,  48 
Dzierzon  rule,  92,  95,  162 

Echinopla,  125 

Eciton,  15,  58,  159,  170,  242,  253, 
2S3,  284  ;  burchelli,  283  ;  hama¬ 
tum,  283 

Eckermann,  J.  P.,  307 
Ectatomma,  205 
Edwards,  257 
effleurage,  242 
Eidmann,  H.,  234 
élan  vital,  23 
Elastnus  ftabellatus,  51 
Elaterid,  60 
Electrapis,  80,  98 
Electrotermes,  142 
Elis,  112  ;  ^-notata,  66 
Embia  >iiajor,  148 
Embidaria,  16 
Embiidæ,  16 
Embiidina,  147,  148 
Embolemidæ,  57 
Emeljanoff,  N.,  219 
Enienadia  fi abellata,  249 
emergence,  24 

Emerson,  A.  E.,  136,  149,  185,  186, 
267 

Emerton,  J.  11.,  10 
Emery,  C.,  104-106,  iii,  114,  123- 
128,  172,  173,  193,  195,  202,  204, 
205,  2 1  1 ,  216,  218,  219,  221,  235 , 
288,  2S9,  293,  298 
emotivity,  of  man,  313;  of  social 
insects,  313 
Enderlein,  G.,  110 
von  Engelhardt,  153 
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entelechy,  23,  220,  221 
Eocene,  34,  114,  115.  117,  128,  129,  | 

141,  215  ;  Green  River,  34  ;  I 

Lower,  14 1  ;  Upper,  117 
Eoformica  eocenica,  17 
Epeira  bandelieri,  7 
Epeolus,  77 

Ephedrus  incompletus,  47  j 

Ephemerids,  14,  29 
Ephestia  kühniella,  51,  53 
Ephialites  extensor,  250 
Ephialtites,  34  ;  jurassiens,  27 
epigenesis,  191  ! 

epimegetic  males,  171 
Epipheidole,  294  ! 

Epiponinæ,  15 

Epœcus,  1 74,  294  ;  pergandei,  296 
Epopostruma  [Colobostrnma)  leœ,  189 
Epyris,  57,  59,  60  ;  extraneus,  60 
ergatandromorphs,  218 
ergatoid  females,  289 
ergatomorphic  male,  281 
Ericaceae,  85 
Erichson,  W.  F. ,  241 
Erycinidae,  260 

Escherich,  K.,  104,  135,  213,  236,  ; 

254,  268 

Espinas,  A.,  5,  304,  307  I 

ethology,  21 

Eucamponotini,  121,  123 
Eucera,  82,  99,  237 
Eucharidae,  38,  41,  44,  46,  262  ; 
Eucharis  myrmecice,  41 
Eucondylops  konowi,  275 
Eulaema,  83 
Eulophid,  52 

Euglossa,  82,  83  ;  nigrita,  83  ; 

surinamensis,  83 
eumegetic  males,  171 
Eumenes,  69,  249 
Eumenidæ,  59 
Eumenidinæ,  68 

Eumeninæ,  15,  67,  69,  71,  82,  113, 
169 

Eumorpha,  83 

Eunausibius,  15,  18,  19  ;  wheeleri, 

17 

Euparaginæ,  68 

Enplectrus  bicolor,  52  ;  com- 
stock  i,  52 

Euponera  senaarensis,  158 
Eusphinctus,  112 

Entérinés,  145,  156,  181,  187,  214, 
227  ;  Oijuilinus,  180  ;  bivalens, 
180;  castaneiceps,  180;  chaqui- 
mayensis,  178  ;  cyphergaster,  181  ; 
diversimiles,  180  ;  jossariim,  14 1  ; 
fraasi,  142  ;  heteropterus,  180  ; 


hospitalis,  181  ;  lacustris,  183  ; 
monoceros,  156;  morio,  183; 
pilifrons,  183  ;  sanchezi,  183  ; 
tenuirostris,  181  ;  trinervius  154, 
180  :  velox,  180 
eutrophaptic  insects,  12,  48 
Evaniidæ,  33,  34,  48 
Eversmann,  E.,  90,  91 
evolution,  19,  22,  126,  21 1  ;  of 
Aculeata,  302  ;  of  ants,  104  et 
seq.  ;  of  bees,  75  et  seq.  ;  con¬ 
vergent,  or  parallel,  302  ;  of 
guests  and  parasites,  246  et 
seq.  ;  298  ;  of  plants,  80  ;  of 
physogastry,  266  ;  of  social 
parasites,  273  et  seq.  ;  of  ter¬ 
mites,  12,0  et  seq.  \  of  termitophiles, 
265  ;  of  wasps,  50  el  seq. 

Exorista  lobelice,  38 
exudates,  99,  213,  232,  236,  238, 
262,  266 

exudatoria,  234,  248,  264,  267 
Ezikov,  J.,  195,  199,  212 

Fabre,  J.  H.,  i,  ii,  45,  46,  go, 
91-93.  95.  no.  153 
families  of  social  insects,  12 
Farquharson,  C.  O.,  256-258 
Farquharsonia  rostrata,  258 
Fedschenkia,  1 1 1 
Fedschenkiidae,  109,  in,  12 1 
Fedschenkiinae,  109 
females,  a  typical,  173  ;  ergato¬ 
morphic,  155  ;  pathological,  172; 
typical,  173 
Ferrière,  A.,  304 

Ferton,  C.,  i,  59,  66,  67,  79.  9°,  275 

Feytaud,  j.,  152,  213 

field,  trophoporic,  255,  256,  257, 

305 

Fielde,  A.  M.,  165,  202,  284.  31 1 
Fischer,  E.,  314 
Fiske,  J.,  13 
Fiske,  W.  F.,  302 
Fletcher,  H.,  275 
Fœninæ,  33 
Forbes,  S.  A.,  66 
Ford,  N.,  40,  150 
Forel,  A.,  41,  104-106,  in,  123. 
165,  176-179,  216,  225,  231, 
242,  280,  293 
Forliculidæ,  16 
Forjicula  anricnlaria,  149 
Formica,  16,  103,  1 16,  2  12,  285,  287, 
291  ;  aserva,  285  ;  cinerea,  284  ; 
consocians,  292,  eoptera,  117  > 
exsecta,  292  ;  exsectoides,  224, 
253.  292  ;  fieri,  126,  217  ;  fnsca. 
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126,  217.  207,  284-287,  2Ç)2,  295, 
296;  heteroptera,  115;  neogo- 
gates,  284  ;  ohscuripes,  292  ; 
pallide-fulva,  284,  292  ;  pra- 

tensis,  282,  292  ;  rufa,  210,  212, 
281,  292,  298  ;  sanquinea,  206- 
208,  232,  259,  262,  269.  270,  284- 
287,  289,  291,  298  ;  schau/ussi, 

177.  17S 

Formicidæ,  16,  58,  65,  76,  loi,  104 
et  seq.,  121,  143,  168,  216,  296, 
298,  301,  310,  312 
Formicinæ,  105,  106,  109,  119,  123, 
202,  234,  242,  263,  285,  291,  310, 

319 

Formicoxenus,  172  ;  nitidulus,  210, 
281 

Fossores,  56,  60,  77,  78,  80,  108 
Fouilk'e,  A.,  Il,  304 
Fox,  \V.  J.,  77 
Freeman,  297 

Fremddienlichkeit,  226,  271 
Freud,  S.,  313 

Friese,  H.,  76,  78,  79,  83,  90,  98, 
238.  275-277,  310 

von  Frisch,  K.,  148,  231,  237,  242, 

243 

Frison,  T.  IL,  215,  276,  277 
Froggatt,  W.  W.,  137 
Frohawk,  F.  S.,  260 
Fulgoridæ,  64,  238 
Fullaway,  D.  T.,  61 
Fuller,  C.,  151,  156 
Fulton,  B.  B.,  149,  154 

Gabrichevsky,  E.,  251 
Galerucella  xanthonielœna,  53 
Galleria  melonella,  239,  252 
generations,  alternation  of,  161 
Genieys,  P.,  48 

Gesomyrmex,  118,  124,  125; 

chaperi,  118  ;  howardi,  125 
giantism,  173 

Giard,  A.,  i,  162,  164,  171,  274 
Giardinaia  urinator,  49 
Gigantiops,  124 
Giraud,  J .,  67 
Glyptapis,  80 
Glyptiis  punctulalus,  266 
Goeldi,  E.  A.,  251 
Goethe,  W.,  214,  307 
Goldschmidt,  K.,  218 
Goniozus,  6i 

Gonocephalum  seriatum,  60 
Gosse,  66 

de  Gourmont,  R.,  228 
gradient,  axial,  21 1 
Grandi,  G.,  51,  170,  171 


Grassi,  B.,  140,  152,  156,  157,  184, 
;  193.  212,  236 

Green,  148 
Green,  E.  E.,  255 
Griffini,  A.,  170 
;  Gryllids,  153 

.  Grylloblatta  campodeiformis,  150  ; 
i  barheri,  150  ;  ishiana,  150  ; 

nipponensis,  150 
Grylloblattaria,  150 
'  Grylloblattoidea,  147,  150 
Gryllotalpa,  16 
guests,  229,  235,  261,  268 
Gutbier,  A.,  90 
j  Guyon,  L.,  256 
î  Gymnosperms,  80 

gynæcoid  workers,  166,  214 
I  gynandromorphs,  218  ei  seq. 

!  habits,  anthophilous,  301  ;  aphidi- 
colous,  106  ;  arboricolous,  122, 
123  :  coccidicolous,  200  ;  den- 
drobious,  98  ;  entomophagous, 
200,  301  ;  hypogæic,  123,  268  ; 
mycetophagous,  106,  282,  283  ; 
omnivorous,  200  ;  spermato- 
phagous,  106  ;  terricolous,  or 
I  humicolous,  98,  106,  121,  123  ; 
trophobiotic,  118  ;  vegetarian, 
301 

H abrohracon  brevicornis,  53,  163  ; 

johannseni,  53 
Habrocytiis  cionicida,  53 
Haeckel,  E.,  304 
Haerter,  238 
Hagiomyrma,  125 
Hahn,  314 

Haliday,  A.  H.,  57,  58 
Halictinæ,  16,  165,  167,  224,  227, 
250 

Halictus,  5,  16,  77,  83,  84,  90-92, 
100-102,  165,  189,  275,  276,  317  ; 
calceatus,  91  ;  (Lttcasius)  clavipes, 
93  ;  cylindricus,  91  ;  fodiens, 
92  ;  (Augochlora)  humeralis,  90, 
91  :  immarginatus,  93,  95  ; 

lalipes,  4  ;  lineolatus,  93  ;  long- 
uliis,  94,  <)5  ;  maculatus,  93  ; 
niulachitrns,  93-96,  169,  275  ; 

morio,  93  ;  nigricornis,  4  ;  pauxil- 
lus,  95  ;  pruinosus,  251  ;  puncti- 
collis,  93,  <;5  ;  quadricinitus,  91, 
95  ;  scahiosæ,  91,  95  ;  sexcinctus , 
91.  93.  95  I  soror,  93  ;  villosulus, 
93.  95  ;  (C hloraliclus)  zephyms, 
90 

Hamaker,  j .  | .,  178 
Ilamamelis  virginica,  40 
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Hainearis  epulus  signaius,  260 
Handlirsch,  Adam,  45 
Handlirsch,  Anton,  20,  26,  27,  29, 
30.  33.  35.  36,  55.  56,  58.  59,  77. 
80,  81,  97,  106, 107,  109,  III,  112, 
114,  120,  126,  127,  141,  143,  150, 

153 

Harmolita,  50 

Harpagomyia,  257,  261  ;  farqu- 

harsoni,  257 

Harpagoxenus,  169,  285,  289,  299  ; 
americanus,  289,  290  ;  siib- 

lœvis,  289,  290 
Harris,  R.  G.,  171 
Harris,  T.,  189 
Harvey,  E.,  252 
Hase,  E.,  252 
Haswell,  128 
Haupt,  P.,  243 
Hauser,  G.,  241 
Hayes,  W.  P.,  60 
Heard,  G.,  229 

Heath,  H.,  140,  152,  168,  184-186, 
213 

Hebard,  M.,  147 
Hedley,  128 
Heer,  O.,  114 
Heikertinger,  F.,  271 
Hemilenca  olivœ,  53 
Hemiptera,  170 

Hemiteles  areator,  163,  164  ;  ful- 
vipes,  164  ;  longicauda,  164  ; 
ienellus,  163,  164 
Henning,  H.,  225,  243 
Hentz,  N.  M.,  190 
Herbst,  91 

hermaphroditism,  272 
Herms,  H.  B.,  195 
Herrick,  G.  J.,  239 
Hertwig,  ü.,  193 
Heselhaus,  F.,  99,  276 
heterochromatism,  161 
heterodont  males,  171 
heterogony,  170 

Heterogyna,  59,  109,  114,  119,  12 1 
heteromorphosis,  161 
Heteroptera,  16,  255 
heterosymphagopædiuin,  3 
heterosymporium,  4 
heterosynepileum,  3 
Hexapoda,  26,  246,  248 
Heymons,  K.,  46,  48 
Hieracium,  94 
Hill,  G.  F.,  138 
Hingston,  187,  220 
Histeridæ,  261 
history,  20 
Hochreuter,  R.,  241 


Hodotermes,  139,  141,  142,  156,  187, 
227 

Hodotermitidæ,  136,  156 
Hodotermopsis,  141 
Hoffer,  E.,  276 

Holepyris,  59  ;  hawaiiensis ,  60 
Holliday,  M.,  209 

Holmgren,  N.,  135-138,  178,  180- 
182,  188,  213,  236,  310, 311 
Holometabola,  28 
Homoptera,  64,  227,  238,  259,  263, 
302 

honey  ants,  235 

honey  bee,  165,  170,  176,  I97‘i99. 
212,  220,  221,  237,  243,  251,  303, 
310 

honey-dew,  18,  248,  302 

Hood,  J.  D.,  58 

Howard,  L.  O.,  38,  53,  54,  61 

Howes,  P.  G.,  69 

Hormiinæ,  33 

Huber,  F.,  285 

Huber,  P.,  170,  285,  286 

humble-bees,  197,  310,  317,  318 

Hungerford,  H.  B.,  45 

Huntington,  E.,  127 

Huxley,  T.,  22 

Huxley,  J.  S.,  170 

Hyla  lichenata,  189 

Hylæodes,  79 

Hymenochiniaera  abnormis,  58 
Hymenoptera,  15,  24,  25,  27,  30, 
35.  38.  47.  53.  59.  120,  153,  162, 
268,  300,  301,  aquatic,  48,  49  ; 
parasitic,  163  ;  stinging,  50 
hypermetamorphosis,  36,  46 
hyperparasites,  38,  293 
hypertely,  271 
hypertrophy,  310,  311,  316 
hyphænosymphily,  253 
Hypoborus  ficus,  51 
Hypoclinea  bituberculata,  256,  25S 
hypomegetic  males,  171 
Hyslop,  J .  A.,  60 

Ichneumonidæ,  33,  34,  47.  58.  62, 

131 

Idarnini,  51 
Idiogastra,  26 

von  Ihering,  H.,  loi,  102,  127,  129, 
I  197 

von  Ihering,  R.,  72,  83,  90,  100,  102 
;  imitation,  social,  305 

Imms,  A.  D.,  138,  148.  15°.  ^57. 
16S,  185,  186,  193.  214 

1  infrasocial  insects,  13 

instincts,  225,  226,  229,  230  ; 

symphilic,  230,  2O8-271,  298 
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Infusoria,  35,  138 
intersexes.  218 

involution,  of  castes,  312  ;  of  man, 
313  ;  in  social  insects,  310 
loetiopsis  polytricha,  130 
Ipiilæ,  15,  i8<),  300 
Iridomvrinex,  173;  garpperti,  118; 
gracilis,  284  ;  humilis,  319  ; 
sanguineus,  159.  259 
Iris,  84 

Isoptera,  16,  19,  24,  135-137,  143, 
147,  150,  210,  300,  301 

Jack,  R.  W.,  165 
Jacobson,  E.,  256-258 
Jambunathan,  N.  S.,  10 
James,  S.  P.,  257 

Janet,  C..  103,  112,  165,  169,  233, 
242,  254,  311 
Jassidæ,  64,  259 
Jeannel,  K.,  64 
Johnson,  Ben,  243 
Jones,  D.  W.,  149 
Jonescu,  C.  N.,  176 
Jucci,  C.,  138,  140,  156,  157,  182, 
184, 198,  213 
Juppont,  P.,  314 
Jurassic,  27,  28,  34,  126,  127 

Kaloterniitidæ  (see  Calotermitidae), 
186 

Keilin,  D.,  64 
Kelley,  E.  O.,  G.,  40 
Kemner,  N.  A.,  46,  232,  272 
Kieffer,  J.  J.,  57,  61,  64 
King,  J.  L.,  45,  150 
Kinse^',  A.  C.,  34 
Kirkaldy,  G.  W.,  256 
Klatt,  314 
Klebs,  R.,  1 18 
Klein,  199 

Knower,  H.  M.,  183 
Kober,  L.,  128 
Kohl,  F.  F.,  80 
Kolbe,  H.  J .,  128 
Konovviella,  no,  in 
Kornhauser,  S.  I.,  65 
Korzybsky,  A.,  133 
Koschewnikow,  G.  A.,  199,  212 
Kosminskv,  P.,  219 
Kroner,  R.,  20 
Kuehnle,  K.  F.,  178,  182 
Kunckel-d’Herculais,  J.,  250 
Kuo,  Z.  Y.,  230 
Kutter,  H.,  288,  292 

labour,  division  of,  132,  134,  165, 

215.  300 


I^chnosterna,  66 
LœliHS  trogodermalis ,  61 
Lamborn,  W.  A.,  256,  261 
Lameere,  A.,  159 
landbridges,  127,  128 
Langhofer,  A.,  78,  310 
de  Lannov,  F.,  203 
Larrinae,  77 

larva,  asexual,  171  ;  campodci- 
form,  47  ;  coarctate,  46  ;  cyclo- 
poid,  45  ;  cruciform,  30,  47  ; 

eucoiliforni,  45  ;  first  stage,  46  ; 
pupa,  172  ;  second  stage,  46  ; 
typical  pædogenetic,  172  ; 

vagrant,  172  ;  vermiform,  47 
Lasius,  loi,  103.  173,  291,  202  ; 
alieniis,  205  ;  americaniis,  62, 
177.  203  ;  bicornis,  293  ;  ciliatus, 
293;  flavus,  205,  212,  269; 

(Dendrolasiiis)  fuliginosus,  177, 
293  ;  [Acanthomyops)  latipes, 
293  ;  minutus,  293  ;  mixtus, 

254  ;  {Acanthomyops)  murphy i, 

293  ;  myops,  212  ;  neoniger , 
205,  293;  niger,  103,  126,  165, 
177,  205,  293;  schiefferdeckeri  ^ 
118,  126;  sükaënsis,  293  ; 

suhumbratus,  293;  terreus,  117; 
umbratus,  177,  293;  var  . 
meridionalis,  205 

Latreille,  P.  A.,  i,  26,  75,  83,  104, 
109 

Latridiid,  8 

Lebia,  47  ;  scapularis,  46 
Le  Bon,  G.,  313 
Leconte,  J.,  119 
Le  Dantec,  F.,  227,  305 
Legewie,  H.,  90 
Leiby,  R.  W.,  163 
Leontodon,  94 

Lepeletier  de  St.  Fargeau,  L.  M., 
I,  36,  83,  84.  275 
Lepidonotus,  178 

Lepidoptera,  27,  29,  47.  153,  248, 

255 

Lepisma,  178 
Leptanilla,  105 

Leptanillinas,  106,  118,  119,  123 
Leptanillini.  105 
Leptaniltoides.  112 
Leptogein's,  158,  169 
Leptomyrniex,  173 
Lepthorax  acerrorum,  210,  289,  296  ; 
caiiadoisis,  209,  210;  curvi- 

spinostis,  209,  28(1,  290  ;  einersoni , 
208,  209,  211  ;  280,  281  ;  longi- 
spinosiis,  2o<),  290  ;  muscoruni , 
289  ;  obturator,  209 
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Le  Salles,  315 
Lespès,  C.,  157 
lestobiosis,  278,  279 
Lestrimelitta,  277 
Leuckart,  R.,  251 
Leucotermes,  143,  i8o  ;  hartingi, 
142  :  meadi,  142 
Libellulopsis,  80 
libido,  226 

Lichtenstein,  J.  L.,  50,  52,  53 
von  Lilienfeld,  P.,  304 
Limneriimi  validum,  39 
Limonius  agonus,  60 
Limulus,  148,  179 
Lineburg,  B.,  198,  237 
Linyphia  marginata,  10 
Liomeiopum  pingue,  117 
Liopus  cinercus,  62 
Liphyra  brassolis,  261 
Lithandrena,  80 

Lithurgus,  80,  90,  97  ;  dentipes, 
90  ;  fuscipennis,  90 
Litomastix  iruncatellus ,  171 
Lobopelta,  58,  255  ;  elongata,  135 
Lohoptera  decipiens,  48 
Locke,  J.,  13 
Locustariæ,  150 
Locustids,  153 
Loliian  temulentum ,  297 
Lomechusa,  206-208,  232,  259  ; 

strumosa,  262,  269,  270 
Lomechusini,  206,  261,  262 
Lomnicki,  J.,  270,  293 
longevity,  of  colonies,  317,  318 
Longman,  H.  A.,  128 
Lovejoy,  A.  O.,  13 
Lubbock,  Sir  J.,  48,  165,  251 
Lucanidæ,  160,  170 
Lucas,  H.,  83 
Ludwig,  F.,  90 
Lüderwaldt,  90 
Lycœna  arion,  260,  261 
Lycænidæ,  248,  261,  263 
Lycium,  85 

MacGillivray,  A.  D.,  31 

Macomber,  D.,  195 

macrognath  males, 1 71 

Maeterlinck,  24 

Maldanidæ,  189 

malaxation,  52,  81 

males,  dimorphic,  172 

Mamestra  brassicer,  52 

Mammalia,  extermination  of,  317 

Manica  mutica,  281 

Mann,  W.  M.,  32,  43,  104,  125,  249 

Manniella,  189 

Mantids,  153 


Mantispa,  46,  47,  250 
Mantoidea,  150 

Marchai,  P.,  i,  48,  52,  167,  193,  275 

Marlatt,  C.  L.,  6r 

Marshall,  G.  A.  K.,  10 

Martin,  E.  D.,  313 

Martynov,  A.,  28 

Masaridæ,  67,  68 

Masaridinæ,  15,  69,  81,  301,  302 

Masaris,  67,  81 

Massart,  J.,  274 

Mastotermes,  136,  138,  139,  141- 
143,  187,  215  ;  anglicus,  141  ; 

bathcri,  141  ;  bournemouthensis, 
141  ;  croaticus,  14 1;  darwiniensis, 
137.  138.  141»  215  ;  wheeleri,  141 
Mastotermitidæ,  136-138,  156,  300 
Matausch,  I.,  64 
Matheson,  R.,  48 
Mathews,  A.  P.,  238 
Matthew,  W.  D.,  128 
Mayr,  G.,  104,  114 
McClendon,  S.  F.,  112 
McDougal,  W.,  313 
Mcindoo,  241,  267 
Mecoptera,  28,  29,  37,  47,  301 
Mecopteroid,  28,  29,  150 
Megachile,  77,  90,  98 
Megaloptera,  47 
Megalyridæ,  47 
Megaponera,  242  ;  fœtens,  158 
Megastelicus  formicarius,  253 
Mehling,  E.,  219,  297 
Mehlis,  G.,  20 

de  Meijere,  J.  C.  H.,  256-258 
Melander,  A.  L.,  90,  150,  251 
Melanopthalma,  8 
Melasoma  inferruptuw ,  52 
Melipona,  16,  85,  96,  97.  loi,  102, 

197.  251 

Meliponinæ,  15,  16,  S3,  84,  96,  97- 
loi,  165,  178,  197,  224,  227,  237, 
238,  242,  251,  277,  310,  318 
Meliponoryctes  sicula,  97  ;  succini, 
97 

Melissoblapies  anellits,  250 
Melissodes,  80 
Melitoma,  82 
Melittobia  acasta,  53 
melittophiles,  247,  249,  250-252 
Meloc,  252 
Meloidæ,  45-47,  251 
Melophorus,  166  ;  bagoti,  235 
Mellifera,  75 
Membracids,  64,  65,  248 
Menobranchus,  148 
Meraporus,  53 
Meria,  57 
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Mermis,  204-20(),  208,  262;  albicans, 
252  ;  myrmecophila,  205 
nierinithcrgates,  204,  205,  211 
mcrinithogynes,  205 
Mesaiilacimis,  34  ;  oviformis,  28 
Mesitius,  57 

Mesohelonis,  34  ;  miichini,  28 

Mesosicnus  gladiator,  250 

Mesotermitidæ,  136 

Mesozoic,  122.  123,  126,  129,  141,  143 

Messor,  123,  202 

Metabola,  27 

Metalnikow,  S.,  239 

metamorphosis,  30,  161,  21 1 

metaphrenia,  315 

Metapliyta,  ii,  304 

Metatermitidæ.  136 

Metazoa,  ii,  174,  304,  307 

Methocidæ,  109,  ni,  121 

Methocinæ,  12 1 

Meiœctts  paradoxus,  249 

Metopina  pachyoondylœ ,  254 

Metzer,  C.,  198 

Meyer,  A.,  ii,  20,  21 

Meyer,  E.,  202 

Miastor,  172 

micraners,  270 

Microhracon  jnglandis,  51,  53 

microcephaly,  268 

Microdon,  250,  253 

microgynes,  210 

Micromalthus,  159 

microphthalmy,  267,  300,  310 

Microsporidia,  252 

Middleton,  W.,  30 

Midtertiary,  216 

Mik,  J.,  64 

Milichia  argyratoides,  258  ;  decies, 
258  ;  prœctes,  258  ;  prosaies,  25S 
Milichiids,  261 
mimicry,  226,  271 
mimosa,  85 
Minnich,  D.  E.,  240 
Miocene,  34,  38,  80,  96,  97,  114, 
115,  119,  141,  142 
Minotaunis,  15 

Mintermes,  142,  coloradensis,  142 
Mirotermes,  156 
mites,  1 18,  253,  263 
mneme,  225 
Mohius,  K.,  83 
Molière,  271 
monocotyls,  80 
monogamy,  100 
monogyny,  100,  102 
monomctrosis,  100 
Monomorinm  indicum,  256  ;  mini¬ 
mum,  290^;  salomonis,  294-296 


Moravvitz,  h'.,  27.} 

Morgan,  C.  L.,  24 
Morgan,  T.  H.,  218 
Morice,  R.  F.  I).,  275 
Morley,  C.,  38 
Morstatt,  II.,  156,  232 
Morns  alba,  42 
j  “  mo.squero,”  8 

Mrâzek,  A.,  31,  169,  205,  288 
Millier,  H.,  78,  79 
!  Millier,  W.,  48 

Muesebeck,  C.  F.  W.,  163,  164 
,  Muir,  F.,  257 
,  Murray,  A.,  249 

’  Muscids,  46,  53 

mushroom  bodies,  176,  182 
mutation,  161 
‘  mutic  males,  171 
^  Mutilla,  109  ;  brutia,  250  ;  littoralis, 
250 

Mutillidæ,  37,  57,  58,  109-111,  113, 
121,  122,  251 
mycetometochy,  283 
mycephagy,  160 
Mycorrhiza,  297 
Myers,  A.,  51 
Myers,  J.  G.,  7 
Mymarid,  48 
Myrma,  125 

Myrmecia,  1 17,  212,  313  ;  forficata, 
41  ;  gnlosa,  42 
myrmecocleptics,  254,  261 
Myrmecocystus,  loi,  103,  166,  235 
Myrmecophila,  254 
myrmecophiles,  1 18,  247,  252  et  seq., 
262,  268,  278,  296,  299,  305 
myrmecophytes,  305 
Myrmecopterina,  iio 
Myrmedonia,  253,  266 
Myrmhopla,  12b 

Myrmica,  116,  206,  207;  canadensis, 
208,  209,  280  ;  lcrvinodis,  260  ; 
Yuginodis,  219  ;  scabrinodis,  260 
Myrmicinæ,  105,  106,  119,123,  173, 
201,  202,  234,  263,  285,  288,  292, 

319 

Myrmorhachis,  125 
Myrmosericus,  125 
Myrmosidæ,  iio,  ni,  12 1 
Myrmosinæ,  109 
Myrmoturba,  125 
Mystrocnemis,  57 
Myzine,  112  ;  andrei,  66 

nanism,  i  73,  270 
Nangle,  255 
Nasonia  brevicornis ,  53 
Nassonotf's  gland,  242 
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nasuti,  179.  180,  186 
Nasutitermes,  156  ;  [Conslricto- 
termes)  cavifrons,  186,  267 
Nausibius  clavicornis,  251 
Necrophorus,  4 
nectar,  243 

Nestarina,  71  ;  lecheguana,  67,  73 
Necturus,  148 
Nelson,  J.  A.,  195,  198 
Nematocera,  267 
Nemestrinidæ,  45 
Neocorynura  erynnys,  91 
Neolarra  pruinosa,  77 
Neomyrmamblys,  189 
Neoponera,  123,  204  ;  commutata, 

158 

Neoscleroderma,  61 

neotenia,  155,  180 

Neotermes,  138 

Nephilla,  7  ;  plumipes,  6,  9 

Nereis,  178  ;  virens,  178 

nests;  compound,  278,  283  ;  phrag- 

mocyttarous,  71  ;  stelocyttarous, 

7^'  74 

Neuroptera.  28,  29,  46,  47 
Newell,  W.,  202 
nidification,  305 
Nieboer,  H.  J.,  285 
Nielsen,  J.  C.,  59,  60,  79,  275 
Noctuid,  40 
Nomada,  77,  1 10 
Nomadina  sisandina,  38 
Nomadininæ,  37 
Noptoptera,  147,  150 
Novicow,  J.,  304 
Novomessor,  123 
Nylander,  W.,  58 
Nysson,  274 
Nyssoninæ,  80 


Ochromyia,  255,  256 
Ocymyrmex,  173 
Odonata,  29 

Odontotermes,  180  ;  pristinus,  142 
Odontomachus,  204 


Odynerus, 

15. 

69. 

79.  249  : 

simulator , 

249 

Œcanthus, 

153 

bart07iiana. 

Œcophylla, 

117, 

125  ; 

“5 

œcotrophobiosis,  233 
Œdiposonia  niirandum,  266 
Olnothera,  214 
Ohrwall,  240 
Oligarces,  172 

Oligocène,  114-116,  119.  14^*  2^5* 
217  ;  Lower,  34,  80,  96,  115,  12O, 


216;  Middle,  114;  Upper,  20, 
34.  96,  97 

Oligomyrmex,  174,  235  ;  pana- 

mensis,  174 
Onions,  G.  W.,  165 
Onychomyrmex,  169 
Ophion  macrnrits,  38 
Opisthopsis,  125,  159 
Orasema,  4-44,  208  ;  viridis,  39,  43. 

203, 204 
orexis,  226 

Orocharis,  saltator,  58 
Orthoptera,  16,  150,  153,  178 
Oryssidae,  26,  28,  30,  33,  34,  301, 
302 

Oryssus,  30,  31 

Osmia,  82,  99.  165,  i95  :  i^ermis, 
98 

Ottramare,  J.  H.,  235 
oviposition,  32,  51-53.  89 
Oxysoma  oberthiiri,  254 

Pachycentris,  82 

Pachycondyla,  205,  233  ;  crassinoda, 
158  ;  montezumia,  254 
Pachymelus,  99 

Pachysima,  267  ;  esthiops,  234  ; 

latifrons,  234 
Packard,  A.  S.,  251 
Pack-Beresford,  D.  R.,  274 
Pædalgus,  159.  i74.  ^33 
pædogenesis,  161,  172 
Palæobethylus,  58 
Palæodictyoptera.  146 
Palæodictyopteroid,  27 
Paltoihyreus  tarsatus,  158 
Pamphiliidæ,  30,  47 
Panæsthia,  148 
Panæsthinæ,  147 
Paviscomima  erlangeriana,  58 
Panorpatæ,  28,  29 
Panorpoidea,  28 
Pantel,  J.,  234 
Panurgus,  82 
Papilio  dardanns,  219 
parabiosis,  278,  280 
Parachartergus  apicalis,  37 
Parachrysis,  57 
Paracolobopsis,  189 
Pafucopidosomopsis  floridana,  171 
Paralictus,  276 
Paralysis  ol  prey,  52,  69 
Parasitica,  35 

Parasitism,  24.  35.  4°.  44-  65.  163, 
229,  248,  251,  265,  270.  272, 275, 
299-299.  316  ;  fatal,  35  ;  m* 
quilinous,  35  ;  permanent  social. 
285,  294  et  seq.,  298  ;  protelian. 
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291  ;  social,  101,  208,  247,  273  et 
se<].,  295,  296  ;  temporary  social, 
285,  291,  292,  298 
parasitoids,  35,  36,  109,  24S,  249 
Pareto,  V.,  2 
Parker,  G.  H.,  239,  240 
Parker,  H.  L.,  45 
Parker.  | .  B.,  45 
parrecism,  82,  210,  278,  279 
Paroryssidae,  28 
Parorvssits  extensits,  28 
Parotermes,  143 

parthenogenesis.  31,  32,  91,  93,  100, 
162  ;  ampherotocoiis,  32,  92,  162  ; 
arrhenotocous,  32,  162,  163  ; 

theh'tocous,  32,  92,  162,  163 
Passalus,  15,  159,  160 
Passalidæ,  300 

patrimony,  alimentary,  227  ; 

cantonal,  227 
Patten,  \V.,  178 
Patterson.  J,  T.,  i  71 
Paussidæ,  iiS,  261,  262,  26g 
Pearl,  R.,  14 
Pelecinoidea,  26 
Pelecinns,  26 
Pemphredoninæ,  80 
Pérez,  C.,  169,  31 1 
Pérez,  De  S.,  49 
Pérez,  J.,  I,  90,  275 
Perga,  16 

Perilampidæ,  38,  44,  46 
Perilampus,  39,  43  ;  chrysopœ,  40, 
41  ;  hyalinns,  39-41 
Perisemus,  59 

Perkins,  R.  C.  L.,  64,  67,  275 
Permian,  28,  126,  143,  300,  301 
Permochorista,  28 
Permohvmea  schucherti,  29 
Perophovd  sanguinolenta,  189 
Perris,  E.,  64 
Petioliventres,  26 
Pétrucci,  R.,  ii 
de  Peyerimhoff,  P.,  162,  170 
Pézard,  198 

Pezomachus  flavocinclus,  51 
Pheidole,  43,  166,  174,  187,  203,  227, 
235,  242,  269,  293,  312  ;  absurda, 
204,  206  ;  colobopsis,  189  ;  com- 
niutata.  204,  206  ;  instabilis,  38, 
203  ;  lamia,  1  74  ;  m  gacephala, 
319-32 1  ;  palliditla,  205,  221  ; 
niiliticida,  227  ;  symbiotica,  205 
Pheidologeton,  118,  174,  187,  203, 
235  :  diversus,  25O 
Phiianthinæ,  80 
Philanthus,  4,  82 
Phileremulus,  77 


Philippi,  R.  A.,  1 10 
Philipps,  E.  E.,  252 
Philotrypesis,  51,  170  ;  erythrcsa, 
1 71  ;  minuta,  171  ;  unispinosa 
var.  ornata,  171 
Phoridæ,  250,  253 
photophobia,  300 
phragmosis,  190 
Phrenapates,  15,  159,  300 
phthisodinergates,  204 
phthisogynes,  204 
phylogeny,  20,  21,  212,  268,  269, 
271  :  of  ants,  107  ;  of  Campo- 
notini,  etc.,  124 
Phvllodyomia  germanica,  153 
Phyracaces,  283,  284 
Physocrema,  112 
physogastry,  265-268 
Phytophaga,  26-31  ;  33,  34.  47,  50, 
54,  79,  162,  301,  302 
Picard,  F.,  36,  50,  51,  53,  61,  164, 

247 

Pieris  rapes,  53 
Piéron,  H.,  298 
Pietschker,  H.,  176-178 
Pison,  80 

Pissodes  strobi,  62 
places  vides,  247 
Plagiolepis,  166 

planidium  larva,  39-43.  45.  47.  203 
von  Planta,  A.,  198 
Plath,  O.  E.,  221,  276,  277 
Platyarthrus  hoffmannseggi,  253 
Platygastridae,  45 
Platypodidae,  4,  189,  300 
pleometrosis,  100,  no,  298 
pleomorphism,  24 
plerergates,  166,  31 1 
plesiobiosis,  210,  278,  279 
Plenropterus,  118 
Pleurotropis,  164 
Plumariidæ,  109,  no,  112,  121 
Plumarius,  no,  n . 

Plusia  gamma,  52 
Pocock,  R.  J.,  10 
Podilegidæ,  83 
Podomvrma  fernorata,  320 
Podurans,  253 

pœcilandry,  162,  170,  171,  221 
Pœcilochroa  convictrix,  9 
pœcilogony,  162,  171 
pœcilogyny,  162,  1 70-1 73.  221 
Pogonomvrmex,  123,  202,  279 
Poisson,  R.,  170 

Polistes,  15,  67,  73.  74,  loi,  233, 
249  ;  canadensis,  37  ;  mclrica, 

233 

Polistinæ,  15,  73.  75,  166,  224 
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Polistomorpha,  250 
Polybia,  71,73,101,250;  atra,ji  ; 
occidentalis,  67  ;  pygmcsa,  255  ; 
vicina,  250 

Polybiinæ,  71,  72,  75,  166,  169,  224 
Polychrosis  botrana,  53 
polyembryony,  36,  65 
Polyergus,  174,  285-288,  291,  299  ; 

samurai,  287 
polygamy,  100 
polygyny,  100-103 
polymorphism,  24,  46,  50,  51,  62, 
100,  118,  135,  160,  161  et  seq.,  308 
Polynoë,  178 

Polyrhachis,  125,  126,  159  ;  bicolor, 
253  ;  (Myrmhopla)  dives,  42 
Polyspincta,  7,  36,  52 
Polyzosteria  novœ-seelandiœ,  148 
Pompilklæ,  36,  52,  56,  65,  ro8,  109 
Ponipilus  aculeatus,  274  ;  campes- 
tris,  274  ;  pectinipes,  264 
Ponera,  169  ;  eduardi,  172  ;  hender- 
soni,  116 

Ponerinæ,  15,  87,  105-108,  119,  123, 
137.  158.  168,  169,  173,  202,  205, 
233.  263,  310,  312,  318 
Pope,  A.,  13 
Popenoe,  C.  H.,  61 
Popillia  japonica,  46 
Popoff,  N.,  188 
Popovici-Baznosanu,  A.,  195 
Porotermes,  146 
Poulton,  E.  B.,  219 
Prays  oleelliis,  51 

predatism,  35,  36,  200,  247,  249,  261, 
277,  284,  287,  298 
predeterminism,  19 1 
Prenolepis,  166 
Prestwichia  aquatica,  48 
Pricer,  J.  L.,  203,  220 
Prionomyrmex,  117 
Pristocera,  57,  59  ;  armifera,  60 
Proctotrypidæ,  57,  61 
Prœlectrotermes,  142 
professions,  187,  309 
Proponerinæ,  107,  108 
Prosœtomilichia  myrmecophila,  258 
Prosena  siberita,  46 
Prosopis,  79 
Protermes,  136 
Protermitidæ,  136 
Protoblattoidea,  27,  29,  137,  143, 
146,  157,  160,  223,  300,  301 
Protobombus,  80,  97 
Protodermaptera,  29 
Protoilonata,  29 
Protohvmen  permianus ,  29 
Protohymenoptera,  29,  301 


Protolimulus,  179 

Protozoa,  139,  156,  157,  213,  236, 
265,  296,  300 
Provespa,  74 

provisioning,  mass,  69,  89  ;  pro¬ 
gressive,  69,  89 
Psænythia,  77 
pseudochrysalis,  46 
Pseudococcus  brevipes,  17 
Pseudocolobopsis,  189 
Pseudogonalos  hahni,  38,  44 
pseudogynes,  155,  207,  208,  270 
Pseu  dolasius,  118 
Pseudomasaris,  67,  81 
Pseudomyrma,  123  ;  crucians,  17  ; 

elegans,  12  ;  maligna,  17 
Pseudomyrminæ,  105,  106,  123,  168, 
173,  200,  201,  234,  263 
pseudoparasitism,  35 
pseudopodion,  87 
Pseudosirex,  27 

Pseudotrichonympha  pristina,  139 
Psilogaster  fasciiventris,  42 
Psithyrus,  97,  276,  277,  294  ; 

laboriosus,  276,  277 
Pterodontia  flavipes ,  45 
Pteromalus  ptiparum,  53 
Pterombinæ,  109 
Pterygogenea,  21 
Ptilocerus,  261  ;  ochraceus,  256 
i  Ptochomyia,  266,  267 
Pyrsonympha,  157 

'  quasisocial  insects,  13 
Î  Quedius  dilatatus,  250 

Rabaud,  E.,  4,  5,  52,  247 
Raines,  M.A.,  296,  297 
I  vom  Rath,  O.,  241 
!  Rau,  P.,  90 

j  de  Réaumur,  R.  A.  F.,  i,  24,  238, 

j  '251 

I  Reeves,  G.  J.,  50 
:  Reichensperger,  A.,  230,  249 

j  Rennie,  J.,  252 

Reticulitermes,  142  ;  flavipes,  142, 
157,  1S2,  183  ;  iucifugus,  142, 
I  184,  224 

Reuter,  O.  M.,  35 
Reynolds,  E.,  195 
Rhinopsis,  58 

Rhinotermes,  180,  18 1,  186  ;  taunts, 
188 

Rhinotermitidæ,  136,  156 
Rhipiphoridœ,  45,  249 
Rhizotrogus,  45 
Rhogmus,  159 
Rhopalomastix,  106 
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Khopalosoma,  30  ;  poeyi,  58 
Rhopalosomaticiæ,  27,  52,  58,  59, 

109 

Rhy)u  hopsilopa  apicalis,  258 
Khytidoponera,  173 
Ribot,  T.  A.,  304 
Richardson,  C.  H.,  45 
Rickert,  H.,  20 
Riley,  C.  V.,  35,  38,  45 
Robertson,  C.,  276 
Robson,  C.,  274 
Rocher,  274 
Ruhler,  241 

Rohwer,  S.  A.,  26,  31,  55,  36,  38, 

1 10 

Root,  F.  M.,  35 
Ropalidia,  15,  73 
Ropalidiinæ,  15.  73,  166 
Rosa,  84 

von  Rosen,  K.,  141,  142,  217,  310 
Roubaud,  E.,  53,  69,  71,  73,  79-81, 
loi,  102,  132,  167,  233,  234,  249, 

^50 

Rousseau,  E.,  48 
Rousseau,  J.  J..  13 
royal  jelly,  197,  198 
Rüschkamp,  F.,  293 
rumination,  social,  158 

Salfeld,  H.,  20 
Salganea,  148 
Sait,  G.,  249 
Sandias,  A.,  140 
Santschi,  F.,  104,  231,  293-295 
Sapyga  qtnnquepmictata,  iio; 
similis,  10 

Sapygidæ,  30,  50,  59,  109,  iio,  121 

Sarcophaga,  40 

Sarcophagid,  40 

Saulcy,  F.,  241 

Saunders,  53 

de  Saussure,  H.,  67,  09 

Scarabæidæ,  15 

scavenger,  248,  249,  251 

Sceliphron  ccmentariuni ,  iio; 

spirijex,  O7 
Scharlï,  R.  F.,  127 
Schaxel,  J.,  20,  2 1 
Schiemenz,  P.,  198 
Schimmer,  F.,  254,  208 
Schiodte,  J.  C.,  267 
Schizaspidia,  44  ;  polyrhachicida, 
42  ;  tennicorms,  42,  43 
Schizonotus  sieboldit,  52 
Schmiedeknecht,  ü.,  30 
Schonfeld,  P.,  198 
Schrottky,  C.,  83 
Schuchert,  C.,  127,  128 


Schulz,  W.  A.,  37,  38,  48,  83 
Schwarz,  E.  A.,  10 
Scleroderma,  15,  61,  65,  66,  113, 
301  ;  tmmigruns,  62  ;  tnacro- 
gaster,  62-64. 

Sclerogibbid,  57 
Scolia.  36 

Scoliidæ,  57,  58,  65,  66,  109,  itz, 
121,  122,  301 
Scoliinæ,  109 
Scolytidæ,  4,  300 
Scotocryptus,  251 
Scott,  li.,  46 
Scudder,  A.  H.,  116 
secretion  of  wax,  96 
selection,  amical,  226,  271,  299  ; 

natural,  222 
Sellars,  R.  W.,  24 
semipupa,  203 
Semichon,  L.,  8,  90 
Seminota  depressa,  37  ;  mejicana,  37 
Semon,  R.,  225 
sensillae,  240 

Sericomyrmex.  201  ;  amabilis,  282, 

283 

Sessili ventres,  26 
sex-determination,  162 
Sharp,  D.,  58,  189 
Shelford,  V.  E.,  45 
Sichel,  J.,  275 
Sieber,  N.,  239 

von  Siebold,  C.  T.  E.,  31,  48,  169, 
219,  251 
Sierola,  61 

Sierolomorpha,  58  ;  ambigna,  1 1 1 
Silvanidae,  15,  16,  18 
Silvestri,  F.,  46,  31-53,  loi,  137, 
138,  149,  150.  171.  197.  214,  249, 
267, 272 

Simon,  E.,  7,  9,  10 
Siphonophores,  307 
Siricidæ,  27,  29,  30 
Sjostcdt,  Y.,  13b 

Sladen,  F.  W.  L.,  242,  244,  275,  276 
slav'ery,  284,  285,  288,  280.  296  ; 
degenerate,  298  ;  nocturnal,  288  ; 
obligatory.  288  ;  temporary.  287 
smell,  240  ct  seq.,  244 
Smith,  F.,  32,  58.  90,  01,  T04,  275, 
2  76 

Smith,  If.  S.,  39-41,  43 
Smith,  J .  B.,  90 
Smulyan,  M.  T.,  41 
Smuts,  J .  C.,  24 
Snodgrass,  R.  E.,  241 
Snyder,  T.  E.,  135,  136,  140,  141, 
149,  182,  183,  186,  214 
social  medium,  167.  223  se  seq. 
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societies,  human,  304  et  seq. 
soldiers,  of  ants,  216  ;  of  termites, 
179,  180 

Solenopsis,  103,  174,  216  ;  gcminata, 
200,  216  ;  sœvissima,  216,  253  ; 
richteri,  260 
von  Sommern,  219 
Sophrobombus,  80,  97 
Spathiinæ,  33 
Spencer.  H.,  274,  304,  305 
Spengler,  O.,  314. .3i7 
Sphcsrularia  bombi,  251 
Spheciformia,  56 

Sphecidae,  58,  65,  77-82,  108,  109, 

113 

Sphecinæ,  16,  79,  80 
Sphecodes,  77,  79,  92,  275,  276  ; 
subquadralits,  275 

Sphecoidea,  56,  58,  77,  130,  131,  301, 
302 

Sphecophila  polybiarium,  255  ; 

termitium,  255 
sphecophiles,  247,  249,  250 
Sphegids,  81 
Sphinctomyrmex,  112 
Spiders,  social,  6 
Spinola,  M.,  275 
Spinoliella,  82 

Spirachtha,  234  ;  eurymedusa,  267; 

mirabilis,  267 
spirit  of  the  hive,  24 
Springer,  F.,  171,  172 
Stager,  R.,  281,  282 
Starcke,  A.,  314-316 
Staphylinidæ,  46,  206,  250,  252, 
266,  267,  269 
Steenstrup,  J.  J.  S,,  169 
Stegodyphus,  10 
Stenogaster,  15  ;  varipictus,  71 
Stenogastrinae,  15,  71,  75.  166 
Stephanidae,  33,  48 
Stephaniscinae,  33 
sterility,  168,  195,  196,  316 
Stiziis,  82  ;  unicinctus,  274 
Stdckhert,  E.,  79,  9o-95-  lO--  ^^5- 
166,  169,  295 
Strepsiptera,  45,  249 
Strickland,  E.  H.,  51 
Strongylognathus,  174,  285,  288, 
298,  299  ;  alpiniis,  288  ;  huberi, 
288  ;  rehbinderi,  288  ;  testaceus, 
288 

Stumper,  K.,  210,  281 
Sturtevant,  A.  H.,  289,  290 
Sturtcvant,  A.  P.,  195.  ^9^ 
subaptery,  171,  267,  272 
sublimation,  316 
subsocial  insects,  13,  99,  300 


superentelechy,  24 
Surcouf,  F.,  256 
Sycosoter  lavagnei,  50,  51 
symbionts,  157,  213 
symbiosis,  296,  297 
Symmyrmica,  170  ;  chamberlini, 
281 

Sympheidole,  294 

symphiles,  208,  248,  261-263,  265, 
268, 269-271,  278,  280, 292, 299 
symphiloids,  261 
symphotium,  4 
Symphyta,  26,  30,  81 
Synagris,  4,  15.  69.  75  ;  calida,  69  ; 
spiniventris,  69 

synechthrans,  247,  248,  252,  255, 
263,  265,  278,  298 
synœketes,  248,  253,  255.  261,  263, 
265,  278 
Syntermes,  180 
Swammerdam,  J.,  180,  238 
swarming,  72,  73 
Swenk,  M.  H.,  40 
Swezey,  O.  H.,  62,  64 

Tachigalia,  18;  paniculata,  17 
Tachinidæ,  45,  234,  251 
Tæniochorista,  28 
Tanæmyrmex,  125 
Tanner,  J.  E.,  165,  201 
Tanquary,  M.,  165,  292,  293 
T apinogonalos  pulchella,  38 
Tapinoma,  242  ;  nigerrimum,  293. 

295, 296 
Tarde,  G.,  305 
T arsoneniiis  woodi,  252 
Taschenberg,  E.  L.,  275 
taste,  240  et  seq.,  244 
Taylor,  F.  B.,  129 
Taylor,  G.  W.,  38 
Taylor,  L.  H.,  275 
Telea  polyphemns,  38 
Tenebrionidæ,  15,  60,  66,  300 
Tenthredo,  31 
Tenthredella.  31 
Tenthredinidæ,  16,  30-32,  47 
Tentyria,  66 
Teranishi,  C.,  45 
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Termitidæ,  16,  13O,  138,  141-143, 
156-159,  175,  179.  1S7.  ^63,  300 
Teruiitobracon  onersoni.  263 
Termitomastus,  266,  267 
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77,  79'  ^4’  •  ’  •^3’  107-109, 

'  113,  121,  166,  167,  ig6,  197,  233, 

249,  3<ii  ;  social,  71  ;  subfamilies 
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Volucella,  251;  bombylans,  251  ; 
caucasica,  251  ;  jîava,  251  ; 
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\’()1A'.M1':S  PUl-.LlSliKI) 

PHILOSOPHICAL  STUDIES.  Hy  O'.  A.  Moore,  Lilt.]).,  author 
of  "  Piincipia  lAliica  ”,  editor  of  "  .Mind 
15/-  »rt. 

"Stiulenl.s  of  jihilosophy  will  welcome  the  ]ml)licatioii  of  this  volume.  It  is 
full  of  interest  and  stimulus,  even  to  those  whom  it  fails  to  convince  ;  and 
it  is  also  verv  imdo^matic.  Dr  Moore  is  always  anxious  to  hrin;.^  out  the 
arguments  against  those  in  favour  of  the  ixcsitions  to  which  he  inclines, 
and  cares  to  refute  not  persons  but  false  doctrines." — Oxford  Magazine. 

"  A  valuable  contribution  to  contemporary  ])hilo.sophy.”— S'/’Æf/idor. 

THE  MISUSE  OF  MIND  :  a  Study  of  l)erg.sf)n’.s  .Attack  on 
Intclli'Ctualisin.  By  Karin  Sieplien,  formerly  h'ellow  of 
Xewnham  College,  Cambridge.  Preface  l:)y  Henri  Ber^so)i. 

6/6  iiel. 

“  This  is  a  l.)ook  about  Hergson,  but  it  is  not  one  of  the  ordinary  popular 
expositions.  It  is  very  short  ;  but  it  is  one  of  those  books  the  quality 
of  which  is  in  inverse  ratio  to  its  quantity,  for  it  focusses  our  attention 
on  one  single  problem  and  succeeds  in  bringing  it  out  with  masterly 
clearness.  The  problem  is  the  relation  of  fact  to  explanation.  So  stated 
it  may  sound  dull  ;  but  the  moment  its  import  is  grasjred,  it  is  seen  to 
deal  with  the  fundamental  difference  between  two  rival  methods  in 
philosophv.” — Times  Literarv  Supplement. 

CONFLICT  AND  DREAM.  By  IP.  11.  A’.  Rivers,  M.D.,  Litt.D., 
F.R.S.  Prcd'ace  Ity  Professor  (j.  Elliot  Sinilli,  F.R.S. 

12/6  net. 

"  in  his  last  book  Mr  Arnold  Bennett  claims  for  W.  H.  K.  Rivers  a  place 
among  great  men.  As  traveller,  healer,  and  experimenter  Rivers  had 
that  kind  of  commanding  vigour  that  is  one  of  the  marks  of  genius. 
Nothing  could  be  more  fascintiting  than  to  watch  him  separating  the  gold 
from  the  alloy  in  Freud’s  theory  of  dreams.  His  book  is  as  different 
from  the  usual  Freudian  book  on  the  same  subject  as  is  a  book  of 
astronomy  from  a  book  of  astrology." — Robert  Lynd,  in  Daily  Neivs. 

PSYCHOLOGY  AND  POLITICS,  aud  Other  Essays.  I A  R. 

Rivers,  F.R.S.  Preface  by  Profe'^sor  G.  Flliot  Smith. 
Aiytreciatiou  bv  (  .  S.  .Uyers,  F.R.S. 

17. jG  net. 

‘‘  in  all  the  essays  in  this  volume  one  feels  the  scientific  mind,  the 
mind  that  ])ids  truth  first.  Fach  of  the  essays  is  interesting  and  valuable  ; 
perhaps  the  most  arresting  is  that  in  which  he  discu.s.ses  and  defends,  in 
the  light  of  recent  research,  the  conception  (jf  society  as  an  organism.” 
— Keiv  Leader.  “  This  vc)lume  is  a  fine  memorial  of  a  solid  aud  cautious 
scientific  worker." — Havelock  Fills,  in  Xatimi. 

MEDICINE,  MAGIC,  AND  RELIGION.  By  IP.  11.  R.  Rivers, 
I'.R..S.  Preface  by  Professor  (,.  Flliid  .Smith. 

10/6  net. 

"It  is  principally  an  attempt  to  interpret  the  ideas  that  inspired  ])riniitive 
medicine.  But  the  penetrating  mind  of  a  seeker  such  as  Rivers  inevitably 
went  beyond  that  :  it  is  disclosure  of  the  ])rincii)le.s  by  which  primitive 
societies  lived.  No  more  im])ortant  contribution  to  ethnologit  al  know¬ 
ledge  has  been  made  during  the  jrast  twenty  years." — Adelphi.  "Dr  Rivers’ 
book  is  one  long  array  of  fascinating  illustration,  linking  up  lus  subject 
with  the  most  iiKjdern  forms  of  neurosis,  a  contribiiticjn  of  quite  excep¬ 
tional  value  to  medicine  and  history  alike."— .VmV/ier»  Review. 
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TRACTATUS  LOGICO-PHILOSOPHICUS.  By  Lmiung  Willgen- 
stcin.  Introduction  by  Berirand  Bussell,  F.B.S. 

10/6  net. 

this  is  a  most  important  book  containing  original  ideas  on  a  large 
range  of  topics,  forming  a  coherent  system  whfch  is  of  extraordinary 
interest  and  deserves  the  attention  of  all  philosophers.” — Mind.  “  Quite 
as  exciting  as  we  had  been  led  to  suppose  it  to  be.  As  stimulating  as 
Samuel  Butler’s  Notebooks  and  nearly  as  important  as  Principia 
Maiheniatica.” — New  Statesman. 

THE  MEASUREMENT  OF  EMOTION.  By  IT.  Whalely  Smith, 
d/.J.  Foreword  by  Williatn  Brou'u,  M.D.,  D.Sc. 
io/6  net. 

“  No  theory  more  devastating,  more  materiahstic  in  its  implications,  has 
ever  been  enunciated  ;  it  dismisses  man  as  an  automaton,  and  renders 
survival  after  death  inconceivable.  It  touches  the  fundamental  issues 
of  both  psychology  and  ph3-siology,  and  the  man  who  devises  a  means 
of  disproving  it  linalh-  will  render  those  sciences  a  great  service.” — 
Weekly  Westminster. 

SCIENTIFIC  THOUGHT  :  a  Philosopliical  Analysis  of  Some 
of  its  bundamental  Concepts  in  the  Light  of  Recent  Physical 
Developments.  By  C.  D.  Broad,  Litt.D.,  Lecturer  in 
Philosophy  at  Trinit)’  College,  Cambridge. 

Second  edition,  i6/-  net. 

“  This  closely -reasoned  and  particularly  lucid  book  is  certain  to  take 
a  chief  place  in  the  discussions  of  the  philosophical  problem  which  at 
the  present  time  is  of  central  interest — that  of  the  nature  and  import 
of  the  new  concepts  of  the  physical  universe.  The  whole  book  is  weighty 
with  matter  and  marks  an  intellectual  achievement  of  the  highest  order. 
It  arrests  our  attention — a  cursory  reading  of  it  is  simplj-  impossible — and 
interest  is  sustained  from  beginning  to  end.” — Times  Literary  Supplement. 

PSYCHOLOGICAL  TYPES  :  the  Psychology  of  Individuation. 
ByC.fr.  / ling,  author  of  "The  Psychology  of  the  Unconscious.” 
Translated  with  a  Foreword  b}’  //.  Goda  in  Baynes,  M.B. 
Third  edition,  25/-  net. 

“  Among  the  irsj’chologists  who  have  .something  of  value  to  tell  us 
Dr  Jung  holds  a  very  high  place.  He  is  both  sensitive  and  aciite  ;  and  so, 
like  a  great  writer,  he  convinces  us  that  he  is  not  inadequate  to  the  im¬ 
mense  complexity  and  subtletj'  of  his  material.  We  are  conscious  through¬ 
out  of  a  sensitiveness,  a  wide  range  of  understanding,  a  fair-mindedness, 
which  give  us  a  real  respect  for  the  author.  The  man  who  undertakes  to 
discuss  psychological  types  projjoses  to  himself  almost  the  most  ambitious 
task  a  man  could  attenqit.  Among  modern  ps}’chologists  there  is  no 
one  who  seems  to  us  more  adequate  than  Dr  Jung.” — Times  l.iterary 
Supplement. 

CHARACTER  AND  THE  UNCONSCIOUS  :  a  Critical 

F.xpositioii  of  the  P.sycliology  of  ITcud  aud  Jung.  By 
/.  //.  van  der  Hoop. 

10/6  net. 

‘‘ llis  Ijook  is  an  admiralde  attempt  to  reconcile  the  theories  (d  Jung 
and  I'reud.  lie  shows  that  the  ]50sitic)ns  taken  uj)  by  these  two  {isycholo- 
gists  are  not  as  antagonistic  as  they  api^car  at  first  sight.  The  book  con¬ 
tains  a  rery  adequate  and  sim])le  account  of  I'reud's  teaching  in  its 
salient  features,  ami  his  treatment  of  both  theories  is  clear  and  sympa- 
t betie.” —  New  Statesman . 
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THE  MEANING  OF  MEANING  :  a  Study  of  the  I iilluciuc  of 
l.aii^tuago  iij'cn  TlKni!;lit  and  of  the  Scicnco  of  SNinboli'iii. 
Hy  ('.  A'.  O'^dcii  and  /.  .1.  h'icihin/s.  Snp])l('inrnlarv  Essays 
by  Pio/'i'ssoi'  11.  d/n//»ri.i  ,s7o  and  /■'.  G'.  ('rooks/huik,  M.l)., 
F.R.CJ'. 

Srcoiid  rditicii.  12  0  ml. 

“  The  authors  attack  the  prohleiii  from  a  more  fmiilament.'.l  |)oint  <T 
view  than  that  from  which  otliers  have  dealt  with  it,  and  at  last  some 
li.eht  is  thrown  on  the  factors  involved.  I'he  imi)ortanee  of  their  w<jrk 
is  obvious.  It  is  a  book  for  educatic)nalist.s,  ethnido.yists,  'arammariaiis, 
logicians,  and,  aliove  all,  psychologists.  The  book  is  written  with 
admirable  claritv  and  a  strong  sense  of  humoui,  makiiio  it  ned  only 
prolitable  but  also  highly  entertaining  reading  for  anyone  who  wishes  to 
address  any  remark  to  a  fellow  creature  with  the  intention  of  being 
understood.” — Xetu  Sliilcsiiid)!. 

SCIENTIFIC  METHOD  :  an  In(]nii-y  into  the  t  liar,i<  tcr  and 
\'aliditv  of  Xatnial  latws.  Hy  1.  1).  RitcJiu',  bfllow  ot 
Trinity  College,  Candtridge. 

io/()  net. 

“  The  fresh  and  bright  style  of  Mr  Ritchie's  volume,  not  without  a  salt 
of  humour,  makes  it  an  interesting  and  pleasant  book  for  the  general 
reader.  Taken  as  a  whole  Scientific  Method  is  able,  comprehensive,  and,  in 
our  opinion,  right  in  its  main  argument  and  conclusions.” — British 
i\ledicdl  Journal.  “  His  brilliant  book.” — Daitv  Xews. 

THE  PSYCHOLOGY  OF  REASONING.  By  Ad,i,v;//e  /v'/g»a;/n, 
Profes.sor  of  Philosopliy  in  the  University  of  Milan, 
l-t/-  net. 

'■  Professor  Rignano’s  elaborate  treatise,  which  completely  .surveys  all 
the  chief  tvpe.s  of  rea.soinng,  normal  and  abnormal,  is  a  valuable  con¬ 
tribution  to  psychological  literature.” — Weekly  Westminster.  ”  The 
theorv  is  that  reasoning  is  simply  imaginative  experimenting.  Such 
a  theiiry  offers  an  easy'  explanation  of  error,  and  Professor  Rignano 
draws  it  out  in  a  verv  convincing  manner.” — Times  Literary  Sup fflement. 
CHANCE,  love'  and  LOGIC  :  Philoso|)liical  Itssnv.s.  By 
C  iKirlts  S.  Pcirci.  Edited  with  an  Introduction  by  Moyritt 
A’.  Cuheu.  Supplementary  Essay  by  J olui  Dca'cy. 

12/6  net. 

It  i.s  imjKcssible  to  read  Peirce  without  recognizing  the  presence  of  a 
superior  mind.  He  was  something  of  a  genius.” — P'.  C.  S.  Schiller,  in 
Spectator.  "  It  is  about  the  clarification  of  our  ideas  that  Mr  Peirce 
makes  his  most  interesting  remarks  ;  it  is  here  that  one  sees  what  a 
brilliant  mind  he  had  and  how  independently  he  could  think.” — \ation. 
SPECULATIONS  :  Itssays  on  Humanism  and  the  Pbilosopliy 
of  Art.  By  I .  A.  Hiiliiu'.  Edited  by  licrhcii  Paid. 
i'rontispicce  and  h'oreword  by  Jacob  hpslciii. 

10 lb  net. 

'■  With  its  peculiar  merits,  this  book  is  most  unlikely  to  meet  with  the 
sligatest  comprehension  from  the  usual  reviewer.  When  llulme  was 
killed  in  I-'landers  in  1917,  he  was  known  as  a  brilliant  talker,  a  brilliant 
am  dear  of  metajiliysics,  and  the  author  of  two  or  three  of  the  most 
beautiful  short  ])oems  in  the  language.  In  this  volume  he  a|)pears  as  the 
forerunner  of  a  new  attitude  of  mind,  which  should  be  the  tueiitielh 
centurv  mind.” — Criterion. 
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THE  NATURE  OF  LAUGHTER.  By  /.  C.  Gregory. 

io/6  net. 

“  Mr  Grc.s^ory,  in  this  fresh  and  stimnlating  study,  joins  issue  witli  all 
his  prcdcressors.  In  our  judgment  he  has  made  a  distinct  advance  in 
the  study  of  laughter  ;  and  his  remarks  on  wit,  humour,  and  comedy, 
are  most  discriminating.  The  writer's  own  vivacit}’  of  style  suits  his 
subject  admirably.” — Joxtrnal  of  Education. 

THE  PHILOSOPHY  OF  MUSIC.  By  William  Pole,  F.R.S., 
Mas.  Doc.  lùlited  witli  an  Introduction  by  Edn'ard  J .  Deni 
and  a  Supplementary  Essay  by  Dr  Hamilton  Hartridge.' 

Xew  edition,  io/6  net. 

"  This  is  an  excellent  book  and  its  re-issue  should  be  welcomed  by  all 
who  take  more  than  a  superficial  interest  in  music.  Especially  should  it 
appeal  to  those  of  a  musical  or  scientific  frame  of  mind  who  may  have 
pondered  upon  the  why  and  the  how  of  things  musical.  Dr  Pole  possessed 
not  only  a  wide  knowledge  of  these  matters,  but  also  an  attractive  style, 
and  this  combination  has  enabled  him  to  set  forth  clearly  and  sufficiently 
completely  to  give  the  general  reader  a  fair  all-round  gr-.isp  of  his 
subject." — Discovery. 

INDIVIDUAL  PSYCHOLOGY  ;  its  Theory  and  Practice.  B\’ 
Alfred  Adler.  Translation  by  Dr  Paid  Radin. 

1 8/-  net. 

“  Dr  iVdIer  is  the  leader  of  one  of  the  more  important  schisms  from  the 
original  Freudian  school.  He  makes  a  valuable  contribution  to  iisychology. 
His  thesis  is  extremely  simple  and  comprehensive  :  mental  phenomena 
when  correctly  understood  may  be  regarded  as  leading  up  to  an  end 
which  consists  in  establishing  the  subject's  superiority." — Discovery. 
“  Suggestive  and  stimidating." — Morning  Post. 

THE  PHILOSOPHY  OF  ‘  AS  IF  ’.  By  Hans  Vaihinger. 

Translated  by  K.  Ogden. 

25/-  net. 

“  'File  most  important  contribution  to  philosophical  literature  in  a 
quarter  of  a  century.  Briefly,  t'aihinger  amasses  evidence  to  prove  that 
reality  and  thought  are  out  of  key.  Reason  was  never  an  instrument, 
he  holds,  for  the  understanding  of  life.  W’e  can  arrive  at  theories  which 
work  pretty  well  by  ‘  consciously  false  assumptions.'  We  know  that 
these  fictions  in  no'  way  reflect  reality,  but  we  treat  them  as  if  they 
did.  Among  such  fictions  are  : — the  average  man,  freedom,  God,  empty 
space,  point,  matter,  the  atom,  infinity,  the  absolute.  All  abstracts, 
cias.sifications,  comparisons,  general  ideas,  are  fictions.  All  the  sciences 
and  arts  depend  upon  fictions.”— 

THE  NATURE  OF  INTELLIGENCE  :  a  Biological 

Interpretation  of  Mind.  By  L.  L.  T/inrslone,  Professor  of 
Psychology  in  the  I'niversity  of  Chicago. 

10/6  net. 

“  I’rof.  Thurstone  distinguishes  three  views  of  the  nature  of  intelligence. 
He  names  the  first  Academic;  the  second  the  Psycho-analytic;  the 
third  the  Behaviourist.  Against  these  tliree  views,  though  not  in 
opposition  to  them.  Prof.  Thurstone  expounds  his  thesis  that  con.scious- 
ness  is  unfinished  action.  He  contends  that  it  is  not  inconsistent  with 
any  of  tlie  three  views,  while  in  a  sense  it  interprets  each  of  them.  His 
book  is  of  the  first  importance.  All  who  make  use  of  mental  tests  will  do 
well  to  come  to  terms  with  his  theory.” — Times  Literary  Supplement. 
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THE  GROWTH  OF  THE  MIND  :  an  Introduction  to  (  liild 
rsycholoqy.  IR’  Professor  K.  Koffko  of  the  I’nivcrsitv  of 
(iicsson.  Translated  by  Professor  P.  .1/.  Oe^ileii. 
riiini  iinfiyessioii,  15/-  net. 

TIis  book  is  extremely  interesting;,  and  it  is  to  be  lio]icd  that  it  will  be 
widely  read.” — Times  Literto  v  Supplemcftl.  Leonard  Woolf,  reviewing  this 
book  and  the  following  one  in  a  Nation  Treading  .Xrticle,  writes  :  “  Every 
serious  student  of  psychology  ought  to  read  it  [The  Apes'],  and  he  should 
supplement  it  by  reading  The  Growth  of  the  Mind,  for  Professor  Koffka 
joins  np  the  results  of  K. dder’s  observations  wdth  the  results  of  the  study 
of  child-psychology.” 

THE  MENTALITY  OF  APES,  with  an  Appendi.x  on  the 
Psychology  of  Chimpanzees.  By  Professor  II'.  Koehler,  of 
IC'iiin  University. 

Cheaper  edition,  with  9  plates  and  19  figures,  10/6  }tet. 

"  May  fairly  be  said  to  mark  a  turning-point  in  the  history  of  psychology. 

The  book  is  both  in  substance  and  form  an  altogether  admirable  piece 
of  work.  It  is  of  absorbing  interest  to  the  psychologist,  and  hardly  less 
to  the  layman — especially  the  lover  of  animals.  His  w'ork  w'ill  always 
be  regarded  as  a  classic  in  its  kind  and  a  motlel  for  future  studies.” 

- — Times  Literary  Supplement. 

TELEPATHY  AND  CLAIRVOYANCE.  By  Ritdolf  Tischuer. 

Preface  by  E.  J .  Ditigioall. 

With  20  illustrations,  10/6  net. 

"  Such  investigations  may  now  expect  to  receive  the  grave  attention  of 
modern  readers.  They  wall  find  the  material  here  collected  of  great  wdue 
and  interest.  The  chief  interest  of  the  book  lies  in  the  experiments  it 
records,  and  we  think  that  these  will  persuade  any  reader  free  from 
violent  prepossessions  that  the  present  state  of  the  evidence  necessitates 
at  least  an  open  mind  regarding  their  possibility  ”  —Times  I  iterarv 
Supplement. 

THE  PSYCHOLOGY  OF  RELIGIOUS  MYSTICISM.  By 

Professor  J  antes  II.  Leitba,  author  of  ‘  .v  I’syclinlogical  Study 
of  Religion,’  etc. 

15/-  net. 

”  The  book  is  fascinating  and  stimulating  even  to  those  wdio  do  not  agree 
with  it,  and  it  is  scholarly  as  well  as  scientific.” — Review  of  Reviews.  .An 
e.xtcnsion  and  development  of  the  views  outlined  in  James's  Varieties  of 
Religious  Experience  with  much  new  material.  A  section  is  devotc<l  to 
mystical  experiences  prodticed  bv  drugs. 

THE  PSYCHOLOGY  OF  A  MUSICAL  PRODIGY.  By 
G.  Revesz,  Director  of  the  Psychological  Laboratory, 
.Amsterdam. 

With  many  musical  illustrations,  10/6  net. 

"  Tor  the  first  time  we  have  a  scientific  report  on  the  de\elopiuent  of  a 
musical  genius.  Instead  of  being  dependent  on  the  vtigtiely  marvellous 
report  of  adoring  relatives,  we  enter  the  more  satisfying  atmosphere  of 
precise  tests.  That  Erwin  is  a  musical  genius,  nobody  who  reads  this 
book  will  doubt.” — Times  Literary  Supplement. 
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PRINCIPLES  OF  LITERARY  CRITICISM.  By  /.  A. 

Richards,  Lecturer  at  Magdalene  College,  Cambridge. 

Second  edition,  io/6  net. 

''  A  mine  of  really  suggestive  ideas.  It  has  real  originality.”— L>ai/y  News. 

An  important  contribution  to  the  rehabilitation  of  Ifnglish  criticism — 
perhaps,  because  of  its  sii.stained  scientific  nature,  the  most  important 
contribution  yet  made.  Mr  Richards  begins  with  an  account  of  the 
present  chaos  of  critical  theories  and  follows  with  an  analysis  of  the 
fallacy  in  modern  aesthetics.  The  principles  enunciated  are  pursued  with 
clear  zest  and  consequent  elucidation.  Parallel  applications  to  the 
arts  of  painting,  sculpture,  and  music  form  the  subject  of  three  chapters.” 
— Criterion. 

THE  METAPHYSICAL  FOUNDATIONS  OF  MODERN  SCIENCE, 

with  special  reference  to  Man’s  Relation  to  Nature.  By 
Professor  Edwin  .1.  Burtt. 

14/-  net. 

"  'Phis  book  ileals  with  a  profoundly  interesting  subject  :  the  uncritical 
assumptions  which  were  made  by  the  founders  of  modern  physics,  and 
througli  them  became  part  of  the  unquestioned  apparatus  of  ordinary 
thought.  The  critical  portion  of  this  book  is  admirable  .  .  .” 
Bertrand  Russell,  in  Nation.  "  He  has  given  us  a  history  of  the  origin 
and  development  of  what  was,  until  recently,  the  metaphysic  generally 
associated  with  the  scientific  outlook.  This  is  what  Professor  Burtt 
has  quite  admirably  done.” — Times  Literary  Supplement. 

PHYSIQUE  AND  CHARACTER.  By  E.  Kretschmer. 

Withal  plates, 15I-  net. 

“  This  volume  of  the  steadily  growing  Library  will  bear  comparison 
with  any  of  its  predecessors  in  interest  and  importance.  It  gives 
scientific  validity  to  much  ancient  doctrine  and  folk-psychology.  It 
professes  to  be  merely  a  beginning  ;  but,  even  so,  the  author  has  estab¬ 
lished  certain  conclusions  beyond  reasonable  doubt,  conclusions  of  great 
significance  and  pregnant  with  possibilities  of  almost  infinite  extension.” 
—  Weekly  Westminster.  “  His  notable  work  [on,  the  relation  between 
human  form  and  human  character.” — British  Medical  Journal. 

THE  PSYCHOLOGY  OF  EMOTION  :  Morbid  and  Normal. 

By  John  T.  M acCnrdy,  M.D. 

23/-  net. 

“  There  are  two  reasons  in  particular  for  welcoming  this  book.  First, 
it  is  by  a  psychiatrist  who  takes  general  psychology  seriously.  Secondly, 
the  author  presents  his  evidence  as  w^ell  as  his  conclusions.  This  is 
distinctly  a  book  which  should  be  read  by  all  interested  in  modern 
])sychology.  Its  subject  is  important  and  its  author’s  treatment  inter¬ 
esting.” — Manchester  Guardian.  "  A  record  of  painstaking  and  original 
work  in  a  direction  that  promises  to  illuminate  some  oi  the  fundamental 
problems  of  psychiatry.” — Lancet. 

THE  PSYCHOLOGY  OF  TIME.  \iy  M ary  Sturt,  yPA. 

7/6  net. 

“  An  interesting  book,  tj'pical  of  the  work  of  the  younger  psychologists 
of  to-day.  The  first  chapter  gires  a  clear  summary  of  metaphysical 
c  iews  of  time  ;  later  chapters  describe  jiractical  experiments  ;  while 
the  last  chapter  sets  forth  the  writer’s  edew  that  time  is  a  concept  con¬ 
structed  by  each  individual.  The  clear,  concise  style  of  writing  adds 
greatly  to  the  pleasure  of  the  reader.”- — Journal  of  Lducation. 
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PROBLEMS  OF  PERSONALITY  ;  a  \'olumc  of  ICssays  in 
lionoiir  of  Morton  I ‘mice,  lùlitcd  by  .1.  .1.  Roback.  R/i.D. 

iS/-  iiel. 

•'  Here  we  have  collecteil  logctlier  samples  of  the  work  of  a  great  many 
of  the  leading  thinkers  on  the  subjects  whicli  may  be  exiiccted  to  throw 
light  on  the  problem  of  Personality.  Some  such'smvey  is  always  a  tre- 
1  mondons  help  in  the  study  of  any  subject.  Taken  all  together,  the 

I  book  is  lull  of  interest.” — .Vera  Shilesiiiaii.  Contributors  include 

1  G.  Llliot  Smith,  Piernard  Hart,  ICrnest  Jones,  C.  S.  IMyers,  C.  G.  Jung, 

Pierre  Janet,  W.  .McDougall,  William  Brown,  T.  \V.  Mitchell,  and’ 
numerous  others. 

I  THE  MIND  AND  ITS  PLACE  IN  NATURE.  By  ('.  D.  Broad, 
Lit!.  D.,  Lecturer  ill  I’lnlosojdiy  at  Trinity  Colley*',  CaniLridye, 

1 6/-  net. 

"  Quite  the  best  book  that  Dr  Broad  has  yet  given  us,  and  one  of  the  most 
important  contributions  to  philosophy  made  in  recent  times.” — Times 
Litevaiv  Supplement .  “  Fidl  of  accurate  thoiiglit  and  useful  distinctions 
and  on  this  ground  it  deserves  to  be  read  by  all  serious  students.” — 
Bertnind  Biissc/l,  in  Xation.  "  One  of  the  most  important  books  which 
have  appeared  for  a  long  time  ...  a  remarkable  survey  of  the 
whole  field  of  psychology  and  philosophy  ...  a  piece  of  brilliant 
surgery.” — Discovery. 

COLOUR-BLINDNESS  ;  with  a  Comparison  *  if  different  Methods 
of  Testing  Colour-Blindness.  By  Mary  Collins,  M..[., 
I'h.D.  Introduction  by  Dr  James  Drever. 

U’f//;  Il  coloured  plate,  I2  ’b  net. 

“Her  book  is  worthy  of  high  praise  as  a  painstaking,  honest,  well- 
written  cndea\our,  based  upon  extensive  reading  and  close  original 
investigation,  to  deal  with  colour-vision,  mainly  from  the  point  of  t  iew 
of  the  psychologist.  We  believe  that  the  book  will  commend  itself  to 
every  one  interested  in  the  subject.” — Times  Literary  Supplement. 

i  THE  HISTORY  OF  MATERIALISM.  By  F.  .1.  Lanyc. 
Si  w  edition  in  one  volume,  with  an  imrodin'tion  bv 
Bertrand  Russell,  F.R.S. 

15/-  wt. 

.•\n  immense  and  valuable  work.” — Spectator.  “A  monumental  work, 
of  the  highest  value  to  all  who  wish  to  know  what  has  been  sai<l  by 
advocates  of  Materialism,  and  why  philosophers  have  in  the  main 
remained  unconvinced.  Lange,  while  very  sympathetic  to  materialism 
in  its  struggles  with  older  systems,  was  himself  by  no  me, ins  a  materialist. 
His  book  is  divided  into  two  parts,  one  dealing  with  the  times  before- 
Kant.  the  other  with  Kant  and  his  successors.” — From  the  Introduction. 

PSYCHE  :  the  Cult  of  Soul.s  and  the  Belief  in  Immortalitv 
among  the  Cireek.s.  By  Fncin  Rohde. 

25/-  net. 

The  production  of  an  admirably  exact  and  unusually  readable  trans¬ 
lation  of  Rohde’s  great  book  is  an  event  on  which  all  concerned  arc  to  be 
congratulated.  It  is  in  the  truest  sense  a  classic,  to  which  all  future 
scholars  must  turn  if  they  would  learn  how  to  see  and  describe  the  inward 
significance  of  primitive  cults.” — Dailv  A'ews.  "  The  translator  and 
publishers  are  to  be  congratulated  on  rendering  this  standard  treatise 
accessi  ble .  ” — .-1  detph  i . 
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EDUCATIONAL  PSYCHOLOGY  ;  its  Problems  and  Metliods. 
By  Cluvles  Fox,  M.A.,  Lecturer  on  Education  in  the  Uni¬ 
versity  of  Cambridge. 

io/6  net. 

“  A  worthy  addition  to  a  series  of  outstanding  merit.  There  are  inter¬ 
esting  sections  on  heredity  and  on  mental  tests.  The  chapter  on  fatigue 
is  excellent.  The  bibliography  is  valuable.” — Lancet.  “  Certainly  one  of 
the  best  books  of  its  kind.” — Observer.  “  An  extremely  able  book,  not 
only  useful,  but  original.” — Journal  of  Education. 

EMOTION  AND  INSANITY.  By  S.  Thalhitzer,  Chief  of  the 
Medical  Staff,  Copenhagen  Asylum.  Preface  by  Professor 
H.  Haffding. 

7/6  net. 

”  A  psychological  essay  the  material  for  which  is  provided  by  a  study  of 
the  manic-depressive  psychosis.  It  is  a  brief  attempt  to  explain  certain 
mental  phenomena  on  a  physiological  basis.  This  explanation  is  based  on 
three  well-recognized  physiological  laws.  .  .  .  Whatever  the  view  taken 
of  this  fascinating  explanation,  there  is  one  plea  in  this  book  which  must 
be  whole-heartedly  endorsed,  that  psychiatric  research  should  receive 
much  more  consideration  in  the  effort  to  determine  the  nature  of  normal 
mental  processes.” — Nature. 

PERSONALITY.  By  R.  G.  Gordon,  M.D.,B.Sc.,M.R.C.P.Ed. 

10/6  net. 

“The  book  is,  in  short,  a  very  useful  critical  discussion  of  the  most 
important  modern  work  bearing  on  the  mind-body  problem,  the  whole 
knit  together  by  a  philosophy  at  least  as  promising  as  any  of  those  now 
current.” — Times  Literary  Supplement.  “  Ilis  excellent  book.  He  accepts 
the  important  and  attractive  theory  of  Emergence.” — Observer.  “  A 
significant  contribution  to  the  study  of  personality." — British  Medical 
Journal. 

BIOLOGICAL  MEMORY.  By  Eugenio  Rignano,  Professor  of 
Philosophy  iu  the  Liuiversity  of  Milan.  Translated,  with  an 
Introduction,  by  Professor  E.  IP.  MncBride,  F.R.S. 

10/6  net. 

'■  Professor  Kignano’s  book  may  prove  to  have  an  important  bearing 
on  the  whole  mechanist-vitalist  controversy.  He  has  endeavoured 
to  gi\'e  meaning  and  content  to  the  special  property  of  ‘  livingness  ’,  which 
separates  the  organic  from  the  inorganic  world  by  identifying  it  with 
unconscious  memory.  The  author  works  out  his  theory  with  great 
\igour  and  ingenuity,  and  the  book  deserves,  and  should  receive,  the 
earnest  attention  not  only  of  students  of  biology,  but  of  all  interested 
in  the  age-long  problem  of  the  nature  of  life.” — Spectator. 

COMPARATIVE  PHILOSOPHY.  By  Paul  Masson-0  nr  sel. 
Introduction  by  F.  G.  Crookshank,  M.D.,  F.R.C.P. 

10/6  net. 

"  ile  is  an  authority  on  Indian  and  Chinese  philosoph}',  and  in  this  book 
he  develops  the  idea  that  philosopliy  should  be  studied  ...  as  a  series 
of  natural  events  by  means  of  a  comparison  of  its  develofuncnt  in  ^•arious 
countries  and  environments.  After  a  lengthy  introduction  on  the 
methoil,  and  a  chronological  table,  he  illustrates  his  thesis  by  chapters 
on  the  stages  in  the  evolution  of  philosophic  thought  in  general  and  on 
comparative  logic,  metaphysics,  and  psychology.” — limes  Literary 
.‘Supplement. 
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THE  LANGUAGE  AND  THOUGHT  OF  THE  CHILD.  \^y  Jean 
Piaget.  Lccluivr  at  the  lhii\crÿity  of  Cieneva.  Preface  I)\ 
Pi  ofessoy  li.  Claparède. 

lo  'ô  )tel. 

"  A  very  interesting  houk.  I'ivcryonc  interested  in  psyeliology/Hlncation, 
or  the  art  of  thought  should  read  it.  'J'he  resnlts  are  surprising,  l)Ut 
perliaps  the  most  surprising  thing  which  tliis  book  makes  clear  is  liow 
extraordinarily  little  was  previously  known  of  the  way  in  which  children 
think,”  Xiitioii.  "  h'ills  a  gap  in  the  stmh'  of  the  subject.” — Lanccl. 

CRIME  AND  CUSTOM  IN  SAVAGE  SOCIETY.  By  B.  Mali- 
uou'ski,  Profe.'^sor  of  .Viithropology  in  the  Ihiiver.sity  of 
London. 

irn/i  I)  plates.  3;'-  net. 

'■  In  this  first-hand  investig.ition  into  the  sociil  strnctnie  of  a  primitive 
commnmty  Dr  Malinowski  has  brolien  new  ground.  It  is  probably  no 
e.x.iggcration  to  say  that  the  book  is  the  most  important  conti  ibntion  to 
antiiropology  that  has  aj'jK.arcd  for  many  yeans  past.  Its  effects  are 
bound  to  be  far  reaching.  ...  It  is  written  by  an  anthroiiologist  for 
anthropoloeists  ;  but  it  should  he  read  by  all  who  have  to  deal  with 
primitive  peoples  and  by  all  who  are  interested  in  human  nature  as 
manifested  in  social  relationships,  which  is  to  sa}-  that  it  should  be  read 
bv  everyone.” — Outlook. 

PSYCHOLOGY  AND  ETHNOLOGY.  By  IP.  H.  R.  Rivers,  M.D., 
Litt.  D.,  F.R.S.  Preface  by  G.  Elliot  Smith,  F.R.S. 

15,'-  net. 

"  Gives  us  most  fascinating  e\idence  of  the  many-sidedness  of  Kic-era’s 
interests,  and  of  his  actual  scientific  methods.  .  .  .  This  notice  in  no  way 
exhausts  the  treasures  that  are  to  be  found  in  this  volume,  which  really 
requires  long  and  detailed  study.  We  congratulate  the  editor  on  producing 
it.  It  is  a  worthy  monument  to  a  great  man.” — Satinday  Review.  ”  Lvery- 
thing  he  has  written  concerning  anthropology  is  of  interest  to  all  serions 
students  of  the  subject.” — Times  Lite) ary  Supplement. 

THEORETICAL  BIOLOGY.  By  J.  von  Uexkiill. 

18/-  vet. 

■■  It  is  not  easy  to  gi\-e  a  critical  account  of  this  important  book.  Partly 
because  of  its  Ambitious  sco])c,  that  of  re-setting  biological  formulations 
in  a  new  synthesis,  partly  because  there  is  an  abundant  use  of  new  terms. 
'I'liirdlv,  the  author's  arguments  are  so  rarlically  important  that  they 
cannot  justly  be  dealt  with  in  brief  compass.  No  one  can  read  the  book 
without  feeling  the  thrill  of  an  unusually  acute  mind,  emancipated  from 
the  biological  conventionalities  of  our  time.” — j.  /\rthur  Thomson,  in 
lourual  oj  Pliilosopincal  Stiulics. 

THOUGHT  AND  THE  BRAIN.  By  Henri  Pi eron,  Proiessor  a.t 
the  Collège  de  France.  Translated  by  C.  K.  Ogden. 

12/6  net. 

■■  .\  very  valuable  summary  of  recent  investigations  into  the  structure 
and  working  of  the  nervous  system.  He  is  pr(xligal  ol  facts,  but  sparing 
of  theories.  I  lis  book  can  be  warmly  recommended  as  giving  the  reader  a 
\  i\  id  idea  of  the  intricacy  and  subtlety  of  the  mechanism  by  which  the 
human  anim.al  co-ordinates  its  impressions  of  the  f)utsirle  world.  Ills 
own  clinical  e.xperience  is  considerable,  and  he  has  a  wide  acqu.iintance 
with  the  literature  of  his  subject,  but  he  carries  his  erudition  lightly. 
Nearly  one  cpiarter  of  the  book  is  ilevoted  to  a  learned  and  penetrating 
studv  of  aphasia.” — Times  Literary  Supplement. 
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SEX  AND  REPRESSION  IN  SAVAGE  SOCIETY.  By 
B.  Malinowski,  Professor  of  Anthropology  in  the  University 
of  London. 

“  This  work  is  a  most  important  contribution  to  antliropology  and 
psycholog}’,  and  it  will  be  long  before  our  text-books  are  brought  up  to  the 
standard  which  is  henceforth  indispensable.” — Saturday  h'cvicu.’.  "  The 
welding  of  anthroiwlogy  and  psychology  has  never  been  more  successfully 
accomplished.  The  material  on  which  his  observations  are  founded  is 
derived  from  the  Trobriand  islanders  in  iMelanesia.  Dr  i\falinowski 
devotes  the  earlier  part  of  the  book  to  a  necessarily  frank  and  detailed 
description  of  their  actual  customs  and  beliefs.” — Birmingham  Post. 
"  J  h'.  Malinowski  is  announcing  one  important  discovery  after  another.” — 
\aiion . 

SOCIAL  LIFE  IN  THE  ANIMAL  WORLD.  By  B.  Alverdes, 
Prohssor-extraord.  of  Zoology  in  the  University  of  Halle. 
io/6  net. 

"  .Most  interesting  and  useful.  He  has  collected  a  wealth  of  evidence  on 
group  psychology.”  -  .l/n»c/'esier  Guardian .  “  Can  legitimately  be  com¬ 

pared  with  K'lihlcr’s  Mentality  of  Apes.” — Xation.  "  This  arresting  and 
pro\’ocati\'e  book  is  devoted  to  a  summary  of  the  social  life  of  animals. 
The  facts  have  never  before  been  brought  before  us  so  clearly  in  a  single 
volume,  and  the  cumulative  evidence  they  provide  with  regard  to  the 
bases  of  animal  ps^xhology  is  most  striking.” — Outlook. 

THE  PSYCHOLOGY  OF  CHARACTER.  By  A.  A.  Rohacky  Ph.D. 

2I-I  net. 

"  lie  gives  a  most  complete  and  admirable  historical  survey  of  the  study 
of  character,  with  an  account  of  all  the  methods  of  approach  and  schools 
of  tliought.  Its  comprehensiveness  is  little  short  of  a  miracle  ;  but  Dr 
Koback Writes  clearly  and  well  ;  his  book  is  as  interesting  as  it  is  erudite.” 
— Xciu  Slalesi]ian.  "  lie  has  ransacked  the  psychological  literature  of  six 
modern  languages,  besides  delving  deep  into  the  remote  past.  From 
Theophrastus  to  Freud  he  pursues  his  theme.  His  erudition  is  immense, 
and  his  book  will  probably  remain  the  standard  work  for  this  generation.” 

-  -Birmingham  Post. 

THE  SOCIAL  BASIS  OF  CONSCIOLFSNESS  :  A  Study  in 
Organic  Psychology.  By  Trigant  Bitrroif,  M.D.,  Ph.D. 

12/6  net. 

“  .\  most  important  book.  He  is  not  merely  revolting  against  the  schema¬ 
tism  of  l•reud  and  his  pupils.  He  brings  something  of  very  great  hope 
for  tlie  solution  of  human  incompatibilities.  Psycho-analysis  already 
attacks  ]iroblems  of  culture,  religion,  politics.  Freud  has  given  it  a  very 
clever  machine  for  proving  the  rest  of  the  world  wrong.  But  Dr  Burrow's 
book  seems  to  promise  a  more  firmly  based,  a  wider  and  a  more  positive 
outlocjk  upon  our  common  life.” — Xcîü  Statesma)i.  "  Full  of  re\’olutionar\’ 
thought  and  insight.”—  7Di/y  Herald. 

THE  EFFECTS  OF  MUSIC  :  a  Series  of  Essays  edited  by 
Max  Schoen. 

I  5/-  net. 

■'The  7'esults  of  such  studies  as  this  confirm  the  observations  of  experience, 
and  enable  us  to  hold  with  much  greater  confidence  views  about  such 
things  as  the  durability  of  good  music  compared  with  bad  or  the  increase 
of  pleasure  }’ielded  by  experience  and  training,  which  we  loosely  infer  but 
cannot  test.  -  Times  Literary  Supplement.  "  The  facts  marshalled  aie  of 
interest  to  all  music-lovers,  and  particularly  so  to  musicians.”-  Musical 
Mil  ror. 


INTERNATIONAL  LIBRARY  OE  BSYCI lOLOGY 


THE  ANALYSIS  OF  MATTER.  Hy  luviraiu/  Riissdl ,  i' .R.S . 

2  I  -  licl. 

"  (  )|  tiu'  lir^t  import. mcr  not  only  for  pliilosoi>lu‘rN  .uni  |)liysi(  isl^.  hut  for 
tlic  iicm-r.il  rnader  too.  Tlir  first  of  its  tliroc  jr.irt'.  snp|ilies  a  stutcnicnt. 
.UK  I  interpret. it  ion  of  the  iloet  rine  of  relatiiity  and  of  t  he  (pui.nt  iiin  i  heory, 
done  with  his  li.ibitual  uiu.inny  lucidity  (and  huniouii,  .is  is  indeed  the 
ri'l  of  tlie  hook." — Mtiiichrslci  CiiKiydiiiu.  "  llis  present  hrilliiinl  hook 
.  .  .  is  candid  and  stimul.itin.n' and,  for  both  its  subject  and  its  t  real  nient, 
one  of  the  host  that  Mr  Kussell  h.is  given  us.”—  V'fmc.s'  l.ilt'r  ny  Sii ji/^lriiir ill . 

POLITICAL  PLURALISM  :  a  Study  in  Modern  IMlitical 
Theory.  Bv  K.  C.  Hsiao. 

io/(j  url. 

"  It  is  the  historic. d  dcx-elojmient  of  tliis  method  (d  thinking  il’luralism) 
th.it  I'rolessoi-  Hsiao  e.xamines  in  the  present  volume.  I  le  deals  with  the 
whole  of  the  literature,  considers  (iierke,  J.tiiguit,  Krahhe,  ('ole,  the 
Webbs,  and  L.iski,  and  ri  views  the  relation  of  plur.ilistie  thought  to 
repre.scntati\e  government,  jihilosophy,  law,  and  international  rel.itions. 
There  is  no  doubt  that  he  has  a  grasp  of  his  subject  and  breadth  of  idew. 
He  is  ne\'er  dull  and  does  not  attempt  to  gloss  over  the  weaknesses  of 
jiliiralisin  as  constructive  ]iolitical  thought.” — Ynyksliiic  Post. 

THE  NEUROTIC  PERSONALITY.  By  K.  G.  Gordon,  M.D., 
D.-'se.,  F.R.C.P.Ed. 

10/6  net. 

■  I'ntil  we  have  more  knowledge  than  we  have  at  present  of  these  '  low- 
level  mental  experiences  and  of  their  influence  on  tlic  states  we  speak 
of  as  health  and  disease,  our  understanding  of  the  neurotic  juusonality 
can  but  be  rudimentary.  Such  knowledge  as  we  hace  on  the  subject, 
coupled  with  well-founded  speculation  and  presented  with  clarity  and 
judgment,  is  ottered  to  the  reader  in  this  interesting  book.” — Times 
I. iter  I!  V  .Sti pplemciit . 

DIALECTIC,  liy  Mortimer  J .  Adler,  Lecluter  in  Psychology, 
Colutnbia  Uniyer.sity. 
lo/o  net. 

Dialectic  the  author  defines  as  the  kind  of  thinking  wdiich  takes  place 
when  human  beings  enter  into  dispute,  or  when  they  carry  on  in  reflection 
the  polemical  considerations  of  some  theory.  It  is  carefully  distinguished 
here  from  the  jirocedure  of  the  empirical  scientist  or  the  methoil  of  the 
mathematician.  It  is  the  technique  of  ordinary  conversation  when  a 
conflict  of  opinion  arises.  It  is  also  the  essential  form  of  philosophical 
thought.  Philosophv,  the  author  believes,  is  not  a  system  and  has  no 
special  subject-matter,  it  is  simply  a  method  and  an  intellectu.il  .ittitude, 
the  method  of  dialectic. 

POSSIBILITY.  By  Scott  Buchanan. 

lo/o  net. 

The  author,  distinguishing  first  between  the  jiossiblc  and  the  actual, 
dic'ides  possibility  into  three  classes,  imaginative,  scientific,  and  absolute 
jio.ssibility.  The  first  is  the  realm  of  fancy  and  imagination  expn.'ssed 
m  the  line  arts  and  literature  ;  the  second  is  the  field  of  science  ;  the 
third  is  the  subject-matter  of  philosophy  and  theologi'.  These  three 
are  distinguished  from  each  other  by  analysis  and  illustration.  Next  is 
given  a  definition  of  possibility  and  its  place  in  our  knowledge  is  examined. 
This  definition  is  then  applied  to  two  great  historical  jihilosojilues,  those 
of  Kant  and  Aristotle,  where  possibility  played  a  deciding  role. 
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PROBLEMS  IN  PSYCHOPATHOLOGY.  V,yT .W .Mitchell, M.h. 

gl-  net. 

The  aim  of  this  book  is  to  examine  the  foundations  of  Medical  Psycliology 
and  to  discuss  some  of  the  problems  that  have  arisen  in  the  course  of 
the  development  of  Psychopathology.  Some  consideration  is  given 
to  the  views  of  writers  belonging  to  the  pre-analytical  period,  but  the 
main  part  of  the  book  is  devoted  to  the  various  schools  of  thought  which 
regard  some  form  of  mental  analysis  as  the  only  sure  foundation  for 
psychopathology,  and  more  especially  to  an  exposition  and  criticism  of 
the  theories  of  Freud  in  the  light  of  his  more  recent  writings. 

RELIGIOUS  CONVERSION  :  a  Bio-Psychological  Study.  By 
Sante  de  Smiciis,  Professor  of  Psychology  in  the  University 
of  Rome. 

12/Û  net. 

]ù)r  many  centuries  the  problem  of  Conversion  has  been  a  theme  of 
controversy  among  believers  and  unbelievers  alike.  It  has  remained  fur 
Professor  de  Sanctis  to  survey  the  evidence  and  relate  it  to  modern 
psychology  in  a  sympathetic  and,  at  the  same  time,  a  scientific  spirit. 
He  here  considers  the  Causes  of  conversion,  the  multifarious  Forms 
which  it  may  take,  the  Process  itself,  its  Conscxpiences,  its  Pathology, 
and  its  Predictability.  Not  only  has  he  made  a  special  study  of  four 
modern  converts  to  Catholicism, but  the  whole  literature  both  of  mysticism 
and  of  psychiatry  is  drawn  upon  for  analysis  and  illustration. 

NEARLY  READY 

THE  TECHNIQUE  OF  CONTROVERSY  :  Principles  of  Dynamic 
Logic.  JR’  Boris  B.  Bogoslovsky. 

About  ro/6  )iet. 

This  is  an  attempt  to  work  out  practical  devices  for  the  solution  of  the 
concrete  problems  which  confront  us  in  actual  everyday  thinking. 
The  nature  of  dynamic  logic,  that  is,  logic  at  work  in  thinking,  is  fully 
discussed  and  the  conclusions  are  applied  in  a  discussion  of  the  problems 
of  education. 

THE  SYMBOLIC  PROCESS,  and  its  Integration  in  Children. 
By  John  E.  Marhcy,  Ph.D. 

About  lo/h  net. 

The  working  of  man’s  mind  is  a  process  little  uiulerstood.  Recently  light 
has  been  thrown  on  this  obscure  subject  by  the  brilliant  ‘gestalt’  theorists 
and  the  behaviouristic  explanations.  In  this  a-olume  a  further  ad\-ance 
is  made.  Adequate  attention  is  given,  almost  for  the  first  time,  to  the 
social  relations  involved  in  the  symbolic  process.  Man  is  seen  to  iliffer 
from  the  other  animals  rather  in  degree  than  in  kind.  An  analysis  of 
speech  behaedour  is  undertaken. 

PLATO’S  THEORY  OF  ETHICS  :  a  Study  of  the  Moral 
Criterion  and  the  Highest  Good.  JR’  R.  C.  Lodge ,  Professor 
of  l^hilosophy  in  the  University  of  Manitoba. 

About  21/-  vet. 

This  important  \-olume  draws  from  all  the  various  Dialogues  passages 
which  are  concerned  with  Fthics  or  the  (lood.  These  passages  are  analysed 
comjiared  and  worked  uj)  into  a  coherent  theory  which  may  justly  be 
called  J’lato’s  theory  of  Ethics.  The  student  will  find  here,  gathered 
between  the  covers  of  a  single  volume,  all  that  I’lato  had  to  say  about 
morals  and  the  moral  judge,  psychological  and  objective  basis  of  the 
moral  judgment  and  its  validity,  wealth,  health,  courage,  justice,  private 
and  public  s]jirit,  mind  and  its  value,  the  divine,  pleasure,  happiness, 
immortalit v,  doctrine  of  the  mean,  etc. 


14 


INTERNATIONA!.  LIBRARY  01'  PSY(  IIOJ.OGY 


THE  SOCIAL  INSECTS:  their  Origin  and  lA'olution.  P>y 
I!  iHidiii  Morton  II  heeler,  Pli.l).,S.J).,  Professor  of  lintoinology 
at  Harvard  University. 

.jiS  pldtrs,  iiboiil  2  1,'-  )icl. 

This  \’olume,  by  a  world  aut horit  \'  on  t  lie  subject ,  sums  up  our  knowledge 
of  the  social  insects.  It  in<]uires  what  are  tlie  social  insects  and  what  it 
is  that  makes  us  call  them  ‘  social  Tercbraiitia,  aculeata,  wasps,  bees, 
ants,  and  termites  are  discussed  in  a  succession  of  chapters,  showing  how 
they  ha\-c  evolved,  to  liow  great  an  extent  they  have  develoiied,  and 
what  are  the  peculiarities  of  their  evolution.  ]’ol3miorphism,  th('  Social 
Mcilium,  Guests  and  I'arasitcs  of  the  Social  Insects,  are  other  subjects 
discussed  in  this  fascinating  book. 

HISTORICAL  INTRODUCTION  TO  MODERN  PSYCHOLOGY. 
By  Ciiirdncr  Murphy,  I’h.L).,  Instructor  in  Psychology  at 
Columbia  University. 

Il'ilh  plates,  about  iS/-  uet. 

Part  One  of  this  comprehensive  work  is  concerned  with  the  I’re-Pxperi- 
mental  Period,  the  17th,  1  Sth,  and  early  mth  centuries.  Part  Two  takes 
the  story  down  to  the  age  of  Wunilt  ;  IMill,  Pain,  Galton,  Darwin,  Mesmer, 
Charcot,  Helmholtz,  and  Wundt,  are  all  dealt  with.  The  Third  Part 
examines  the  psc'chologists  of  the  contemporary  period,  dealing  with 
the  work  of  the  most  eminent  in  a  series  of  chapters  deverted  to  Memoreg 
Structure  ami  Function,  Thought  Processes,  Skill,  Behaviourism,  Child 
Psycholog\g  Social  P.s\'cholog\’, Psychology'  of  Religion,  Psychoanah'sis, 
Instinct,  .Measure  of  Intelli.gence,  Personality,  Physiological  Psycliology', 
etc.  supplement  by  H.  Klüver  treats  of  contemporary  German 
contributions. 

COLOUR  AND  COLOUR  THEORIES.  By  Christine  Ladd- 
Fi'iinhlin. 

H'ilJi  coloured  plates,  about  12.0  vet. 

Mrs.  Ladd-Franklin’s  collected  papers  cover  the  whole  field  of  colour 
vision,  inchuling  theories  of  light,  night-blindness,  the  retina,  theory 
of  colour  theories,  colour  sensations,  etc.  Criticism  of  the  work  of 
Konig,  Parsoirs,  Pole,  Ilcring,  and  others  reinforces  the  major  polemic 
against  Helmholtz. 
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IX  PREPARATION 


by  r.  PAULHAN 
by  W.  -M.  ■\IARSTOX 
by  L.  RABAI  D 
by  F.  B.  KIRKMAN 
by].  G.  MYERS 


THE  LAW'S  OF  FEELING 
EMOTIONS  01'  NORM  AI.  PE01’i,E 
SENSE  Ol'  DIRECTION  IN  ANIMALS 

e:\iotional  expression  in  birds 

THE  PSYCHOLOGY  OF  INSECTS  . 
lUDGMENT  AND  REASONING  OF  THE  CHILD  by  ].  PIAGET 
REPRESENTATION  IN  THE  CHILD  .  J-  PIAGET 

STATISTICAL  METHOD  IN  ECONOMICS  .  by  P.  S.  FLORENCE 
COLOUR-HARMONA"  .  .  .  -  by  JAMES  WOOD 

THE  THEORY  OF  HEARING  .  .  by  H.  HARTRIDGE,  D.Sc. 

THE  HUMAN  VOICI':  •  by  SIR  RICHARD  PAGE! 

SUPERNORMAL  PHYSICAL  PHENOMENA  by  E.  J.  DINGWALL 
GESTALT  .  ... 

INTEGRATIVE  ACTION  OF  THE  MIND 
THE  FOUNDATIONS  OF  MATHEMATICS  . 

TIME  IN  SCIENTIFIC  THOUGHT 
PLATO’S  THEORA'  OF  KNOWLEDGE 
PARADOXES  OF  RATIONALISM 
THEORA^  OF  :MEDICAL  DIAGNOSIS  by  F.  G.  CROOKSHANK,  M.D. 
LANGUAGE  AS  SYMBOL  AND  AS  EXPRESSION  by  E.  SAPIR 


by  K.  KOFFKA 
by  E.  MILLER,  M.D. 
by  F.  P.  RAMSEY 
by  L.  L.  W’HYTE 
by  F.  M.  CORNFORD 
by  LOUIS  ROUGHER 


by 


B.  MALINOWSKI,  D.Sc. 
by  M.  GINSBERG,  D.Lit. 
by  A.  L.  GOODHART 
by  G.  REVESZ 
.  by  W.  J.  H.  SPROTT 
by  A.  A.  ROB.ACK 


PSYCHOLOGA'  OF  KINSHIP  . 

SOCIAL  BIOLOG  A" 

THE  PHILOSOPHY  OF  LAW’  . 

PSYCHOLOGA’  OF  MUSICAL  GENIUS 
MODERN  THEORIES  OF  PERCEPTION 
THE  BEHAVIOURIST  MOVEMENT  . 

SCOPE  AND  VALUE  OF  ECONOMICS  by  BARBARA  WOOTTON 
M.ATHEM.ATICS  FOR  PHILOSOPHERS  by  G.  H.  HARDY,  F.R.S. 
PHILOSOPHY  OF  THE  UNCONSCIOUS  E.  VON  HARTM.\NN 

THE  PSYCHOLOGY  OF  MYTHS  by  G.  ELLIOT  SMITH,  F.R.S. 
THE  PSYCHOLOGY  OF  MUSIC  .  by  EDWARD  J.  DENT 

PSA’CHOLOGA’  OF  PRIMITIVE  PEOPLi:S  i)'  B.  M.ALINOW  SKI, D.Sc. 
DEVELOPMENT  OF  CHINESE  THOUGHT  .  by  HU  SHIH 
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